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PREFACE. 



Tsn bo(A Is the outgrowth of the difflcul^ea experienced b^ the 
euthor Id teaching the flnt elementB of liutnuiieiit&l practice to 
eDgloeerlng BtndentB. The treqaeut practice of laking & dozen or 
twenty students into the field to do & piece of work which can 
hardly keep more than four or fire men baay resalta generally in the 
work being really done by the few energe^c one* who are anxioua 
to laam, while the rest stand around and pick op what they can — 
which is frequently an Ineignlflcant quantity. 

These problems, which have had the benefit of revistoa after two 
, yews' use, are designed to keep each student busy at some definite 
work, for which he has definite InBtructions, and to utilize so thor 
OQghly the limited time usually available for this work, that he will 
hare a working knowledge of all the more common engineering 
instruments by the time he is ready for more advanced work. The 
student's attention Is called to the degree of precision that is required 
in Instrumental work in order to obtain any required precision In 
tlie final results — a feature often neglected. Systematic note-keep- 
ing, for which forms ate given, is required of the students. 

This tiook b not intended to replace any general test-book on Sur- 
veying. It aims to supplement the general instructions of such text- 
books by such definite directions that the sludenis may work alone, 
aided only by such occasional help as may be given by one Instructor 
looking after several partiee, and thus solving the vexing problem of 
properly looking after the work of a large number of students with 
a limited corpa of InstTuctlou. The work of many of the problems 
(e.g., chainieg, levelling, angle measarementa, etc) may be so sys- 
tematized by means of permanent hubs on the surveying ground 
thai the Instructor may instantly Judge of the character of the work 
done hy a mere Inspection of the notes submitted. 

A£ these Instructions were wrtllen v'^TOb.A'j lot ■Oo.'fc -aMe. ■* '^«- 
ftudeataot the University ol ')?enna^\iKvAv *»*^ ^srkM&o.'**''™^ 
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aUusioDs, but even where these occur It will be very simple to use 
the directioDB in a general way and apply them to any locality. 

Of course the number of these problems could be increased in- 
definitely, but as the time available for this work is generally some- 
what limited, it is deemed best to give the student only such 
problems as will most speedily and effectually teach him the capa- 
bilities and limitations of his instruments. Any student who works 
out satisfactorily the full list of these problems will have a better 
working knowledge of engineering instruments than many graduates 
Just out of college. 



CONTENTa 




GENERAL INSTEUOnONS. 



1. Complete ootea of each problem. In proper fonn, tabnlaled 
wbeDevei ponlble, must be nude during the progress of ibe flelil 

2. The notes should be so coEoplete that the stgnlflcuice of everj 
recorded number should be easily Intelligible to an/ one coDTerstuit 
with the subject. 

8. All calculations must be completed when reports are submitted. 

4. Note-books must be turned In each day with the Icstniments— 
except when the problem requires extended compulallons on ibe 
data obtained in the field, in which case two days' extra time will be 
allowed. 

5. The note-book should be a journal of each day's fleld-work — 
giving (a) date, {b) lime of beglnniog and ending work, (e) number 
of problem, (d) penonntl of party, and then a detailed report of 
indivldUBJ work. 

6. No notes are to be copied from another's note- book, except nich 
Sgnree as target readings of a level rod, etc., taken by the assistant, 
which will bo necessary for a complete report on the problem. With 
such exceptions each student reports ofiiy his own Individual work. 

7. When a problem requires the work of two or more (as b usually 
the case) eaeh student In turn roust act as chief, do the instrumental 
work, and take notes for a eomfUU solution of the problem. 

8. Eiren when a student acts cMily as assistant daring any one day's 
work, areport must be submitted by him giving date, time of work, 
number of problem, and ptrtanniei of party. 

9. No cradit will be given for field-work except as It can be esti* 
mated from the notes. No verbal reports wilt be credited. 

10. Read the instructions cuefully befort begiuning the fleld-work 
on any problem : be sure that all necessary equipment is pruvided 
and that the InstructioDS are uederstood, 

11. Students are belli respunslble for all equipment issued to them. 
Therefore, examine all equipment tts it is issued kuA i«\RiO. %'ntnnuU^ 
aialf any injury or detideiicy Uml nvd^ Vifc i\«cw^«nti,\Q.crt'i.'CT'***' 

tbe reapoB^biUtf taity be properly \<ic&\«&. y^ 



PROBLEMS IN THE USE AND ADJUSTMENT 

OF 

ENGINEERING INSTRUMENTS. 
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LINEAR nnBA.SUB£HENT8-UNK-CHAIN. 

JCtuipm*nt: Llnk-cbaln, set of markiDg-piiia, two tnndt-polef, 
two iron plumb-bobs. 

Bet a tnmalt-pole at each of two dMlgnated buba about 600 feet 
apfttt. Heoaure tbe dUtance Area times, HoiDg in by eje, takfoK 
precautioiu to b»re tb« two ends of the chain always U tbe tune 
letel, " breskiog clialn " If uecesmry, etc. 

Always drag Ibe cbain ahead its fall length, eyen If it is necenuy 
for tbe head chatDmun to walk back to "break chain." Always 
place a ptn at each even hundred feet, and begin again at Ibat point 
for a new chain lenglb. 

Saeh student makes a m< of three meaauremeDts acting as head 
chalaman. The extreme range of the three values should not be 
more than ^^ of the distance. 

NoTEa. — For tbls simple problem a mere descriptton, giving the 
locality of the work, the- three measurements obtained, and other in- 
formation called for In the general directions, is all that is necessary. 
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LINEAR HEA8UREHENTS-8TEBL TAPE. 

Bgutpmtnt: IM^-foot steel tape, two t^LnBI^poles, two bran 
plumb bobs, foo^rule, hatchet, and twelve stakes. 

Set a traoslt-pole at each of two designated hube about 000 feet 
apart Drive atakee on line, at least one every 100 feet, aud also one 
at every point where it Is neceasaiy to " break chain," pladng them 
so that an even-fool mark will come on top of the stake. Measure 
the distance tArta time& Tnnster the measurements to the tops of 
the stakes very carefully, using a plumb-bob If neccsssiy, and mark 
the point with a pencil. Measure the flnal fraction of a foot with 
(he foot-rule. The extreme range of the three values should not be 
mote than ,^ of the distance. Bach student makes a set of fftrw 
meotorementB, acting as head chalnman. Tbe Intermediate stakes 
should be pulled and re-drlven between each sot, so as to make tbe 
measurements absolutely independent. Tbft ««btfL itttq ^ia «&^i*S>. 
bj eje, aided by the plumb-bobs. 
NoTMa. [See Wotm for Prob . l-'i _ 
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LINEAR MEASUREMENTS-TESTING CHAIN (OR TAPE). 

Equipment : Chain (or tape) to be tested, standard tape, spring- bal- 
ance, two brass plumb-bobs, triangular scale, and a small strip of 
cardboard (e.g., visiting-card). 

1. Unroll the standard tape in a suitable place.* Set one of tbe 
end marks at some well-defined mark on tbe floor (e.g., a scratch in 
the top of a nail head) and tack the strip of cardboard under the other 
end mark of the tape. Pull the tape to a tension of 16 lbs., and mark 
on the cardboard with a sharp hard pencil the position of the 100- 
foot mark. Make a similar measurement with the chain or tape to 
be tested, and measure the difference if any. 

2. Observe by several trials the changes in the length of the chain 
(or tape) by makiug the tension 12 lbs. and then 20 lbs. Compute 
the average change for one pound variation in pull. 

8. Hold the chain (or tape) to be tested clear of the floor and note 
what tension is ueccs-sary to bring the end marks at the same dis- 
tance apart as when supported throughout its length with a tension 
of 16 lbs. Use bniss plumb- bobs in this test to bring the end marks 
over the points on the floor. 

Notes. [See Notes for Pi-ob. 1.] 

* A pafwafi^eway or ball is often the only available place, and M*rTes very well 
except for interference to and by otbers. A smootb level sidewalk will answer 
the purpose In fair weather. The vacant space under tbe seats of a larfpe (crand 
stand may sometimes be utilized as a pennanent place for these as weU a« other 
long-tape testa. 
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CHAIN-SURVEYING-LAYING OUT RIGHT ANGLES. 
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Equipment : Liukcbain, set of marking-pius. 

1. Select an area where a square about 250 feet on a side can be 
laid out. Select a and b about 250 feet 
apart. Lay out a right angle at b, usiug the 
•*8, 4, 6 method." Measure mb=dO feet. 
Fix the zero of the cbain nt b (fastening it 
with a markiug-pin) and have one man hold 
the 90-foot mark at m. Swing the 40-foot 
mark until both sections of tbe tape are taut 
and the angle mbn will then be a right angle. 

Measure oS be=<ib. Lay out a right angle 
at e and make cd=ab. Lay out a right angle at d and make da'=ab. 
Measure €ui^ and compute the *' error of closure " (which equals aa* 
divided by the total perimeter). 

2. To chain a line throagh an obstacle (imaginary in tbis 

case). Select two points a 
and & as in figure. Lay off 
o^ PL^omrM\s__\_ e / rigbt angles at b, e, d, and e. 



•^^. 
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making b€=de. Produce // 

backward and note value (if 

anything) of bb' and aa\ 

Measure eb. 

Notes.— Sketches as above with statements of the required results 

will constitute a sufficient report. The magnitude of the errors will 

indicate how much reliance can be placed on such methods. 
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CHAIN-8URVEYING— OBLIQUE ANGLES. 

Equipment : Chain, two trausit-poles, set of marking-piDS. 
Set five markiDg-pins as witDesses near five designated hubs, which 
should be about 800 feet apart, and form an irregular pentagon. 

1. Measure all the angles by the method 
suggested in the figure, using the formula 

If the angle is much greater than 90*", it 
may be more convenient to produce one of the sides and measure the 
supplement of the angle (e.g., angle 8 in the figure). Note whether 
the sum of all the interior angles is nearly 540**. 

Form of Notb& 




Angle 


b 


a 


a 
9b 


4^ 


A 


1 

ft 
8 

4 
5 


40 
40 
40 
40 
40 


68.7 
68.8 
89.5 
65.8 
68.6 


.784 
.786 
869 
.690 
.866 

• 


47»ia' 

51»48' 
81»40' 
4S«88' 
88«68' 


94»96' 

106* 96' 

(■lip.)186«40' 

87- W 

117» 44' 




689»S8' 


Course. 


BeariBflT. 

(Berid. aMUMd.) 


Distanoe. 


Latitude. 


Departure. 




1....9 
8. ...8 
8. ...4 
4... 5 
6 ...1 


N 

N 78* 84' E 
860*06'E 
8 88* 88' W 
N86*06'W 


858.8 
904.6 
880.7 
807.8 
868.8 


+ 968.8 
+ 47.5 
-159.9 
- 174.5 
+ 81.1 






+ 199.0 
+ 878.0 
-111.7 
-868.5 






1849.1 


+ 881.4 
-884.4 


+ 477.0 
-474.8 






8.0 


8.8 





« 
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2. Measare the ridee. Aasame one side as meiidiaii, and from the 
measured angles compute the oorresj^oDding bearings of the otber 
sides. For example, the bearing of 8 . . . 4 is S 60** 06' £; i.e., the 
bearing of 4 ... 8 is N 60" 06' W. The angle at 4 is 87^ 16'. which 
means that 4 ... 6 runs in a direction 147" 08' (the sum) from 
North or 82" 88' from South. Therefore the bearing of 4 ... 6 is 
S 82" 88' W. Compute the ktitudes and departures and then the 
error of closure. 'The laUiude equals the distance times the eoaine 
of the bearing; the depoHure equals the distance times the tins of 
the bearing. The error of eUmire is the quotient (generally ex- 
preswd as a fraction whoae numerator is one) of the square root of 
the sum of the squares of the errors of the latitudes and of the de- 
partures divided by the total perimeter. 



.NORTH 




Bnbr Of elomire = -*2^±liE 

1849.1 

■"8» 



mtmt 
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COMPASS PRACTICE-SIGHTING AND READINO 

NEEDLE. 

Bquipmeni: Surveyor's compass. 

Set up the compass over some fixed hub designated by the in- 
structor in charge and point at four well-deflued points (e.g., church 
steeples, comers of buildings, etc.), which will be also designated. 
After sighting at all four points in turn and taking the needle read- 
ing on each to the nearest 5' of arc, move the declination arc slightly 
and again take the needle readings on all four points. Take four 
such sets of readings. Calling the position of the instrument and 
A, B, C, and D the points sighted at, four values of the angle AOB 
may be obtained by taking the differences of the bearings. Sim- 
ilarly four values of each of the other angles may be obtained. The 
discrepancies will give some idea of the reliability of needle readings. 

Form op Note& 





l8t Beading. 


Sd Beading. 


8d Reading. 


4th Beading. 


Mean. 


Points 
*• B 

•• C 

" D 


N 13« O' W 
N 1»85'E 
N64«8(>'E 
N77«46'B 


N 15« IC W 
N O-aKW 
N(»*85'E 
N76» (KE 


N l-aCKW 
Nei'lS'E 
N 74» 56' E 


N 17» IC W 
N 2«15'W 
NflO«46'E 
N74*>16'E 




Angle AOB 
»' BOO 
" COD 


14»6y 
fi2»66' 


14«B0' 
13* »' 


14»56' 

6:2«45 

18«40' 


ea'ocy 
i8«ao' 


14»54' 
18«27' 
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Abnormal discrepancies in the angles may sometimes occur on 
account of tbe attraction caused by a knife, keys, or a steel key- 
cbttiu in tbe pockets of tbe observer, or by a steel band in tbe brim 
of the observer's bat. A wagon, temporarily Imlted near tbe instru- 
ment, especially if loaded witb iron, will probably cause an appre- 
ciable disturbance of the needle. The student will find it a useful 
exercise, in connection with this problem, to determine the effect, 
by careful and repeated trials, of purposely allowing such sources 
of attraction to be held first on one side and then on the other side 
of the instrument. To be of any value, this test should only be 
made in a way that might occur naturally while using the instru- 
ment 



Tower Blind ABylum. 
8 W. cor. 84th and Market Sts. 
Tower of The Bartram. 
N. W. oor. Chem. Lab. 
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C0MPA8S PRACnCB-EKRORS OF SIGHTING ; SETTING 

BY NEEDLE AND LINING IN. 

# 

Equipment: Compass, transit pole, foot-rule, board about 2 feet 
long aud 6 or 8 inches wide. 

1. Error of slsfhtln^. Set up the compass where a clear view of 
600 feet may be had. Have the rodman pace off 200 feet and lay the 
board on the ground with its length transverse to the line of sight, 
taking care to fix the board very firmly. If a bit of smooth clean 
pavement is at hand, it will be preferable to the board, being rigid. 
Sight at the rod held at some marked point near the centre of the 
board. Clamp the vertical axis. Have the rodman measure the 
distance of this point from one end of the board and then move the 



FOBM OF NOTBS. 





Distance of 

rod from end 

of board. 


Error. 


d* 








// 


// 








200 


18.0 
12.8 
12.6 
10.8 
etc. 


.18 

.62 

.42 

1.88 

etc 


.(»24 
.8844 
.1764 
1.9044 
etc. 








• • ■ • 


• • • ■ 


• • • ■ 






Sum = 
Means: 


121.8 
12.18 


5.S680 




600 


(simi 


larly) 








800 


(timi 


lariy) 








600 

^ ) 


■ 

(simi 
/ 


lariy) 
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rod away. Line in the rod again, and again have the rodman 
measure its position. Repeat at least 10 times. Compute the 
"probable error'' (see pp. (46, 47) of a single sighting in linear dis- 
tance. Reduce this error to its angular value by dividing the error 
by the distance from the instrument The quotient is the tangent of 
the angular error. 

Repeat this test at a distance of 600 feet. 

a. Error of setting by needle and Itnini^ in. Read the needle 
to the nearest 6' when poinling at some one point on the board. 
Turn the compass a little on its vertical axis and have the rodman 
move the rod away. Set the compass at the tame needle readmg, and 
again line in the rod. Have the rodman note the position of the rod 
as in the first part of the problem. Repeat 10 times at both 200 and 
600 Uie% distance. 

CAxmoN.— Be sure that the deeUnaUtm aire is not disturbed during 
the progress of the work. 



El = .9745 i/(^^ = 0".5« = VSM 



0.043 
SOO 



= .000816 = tan 0*0^44 



// 



OoDStant oompaM reading— N tS^WJR 



ConstaDt ocnmMM raadiog— N VV*W!& 
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COMPASS PRACTICE— RUNNING OUT A LINE HAVING 

A CONSTANT BEARING. 



Equipment : Compass, transit-pole, set of marking-piDS. 

Run out a line about ^ mile long, on uneven ground, setting pins 
at each station, using a constant bearing. Pace the distances between 
stations. Then run back by the reverse bearings and have the rod- 
man note the discrepancy at each station. After noting the error the 
rodman transfers the marking pin to the new position, which will 
make the entire return line continuous and independent. Be careful 
to select stations where there will be no loeeU attraction (e.g., from 
latnp-posts, iron fences, etc.). Where local attraction is suspected, 
take a back-sight and determine its amount. The work will demon- 
strate the compensating character of the errors, the degree of 
accuracy that may be expected, and the frequency even in suburban 
localities of greater or less local attraction. 

Form of Notes. 



Sta. 


Bearing. 


Distance. 


Errors 
on return. 







S6^» W 


850 


8 0.4 




1 


8 65^» W 


420 


NO 6 




2 
3 


S 66H» W 


870 
640 


N1.8 
N0.4 


Local attr. suspected at sta. 2. B. 8. 

to sta. 1. N aiMi E. 
B. 8. to sta. 2, N 6^ E. 


4 


8 65H" W 


280 


Sl.O 




6 


S65^» W 


480 


8 0.8 




6 




870 




Bearing on return line from sta. 6, 
N65HE. 
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LEVEL PRACnCE-READma ROD AND 8BTTING . 

TARGET. 
JBSjtt^ituiil : Wye-leTel, "PlilladelphU" level-rod. 

1. Seod the rodnmn about 200 reel sway OQ a nearly level stretch. 
Sfgbt on Ibe rod lield on a peg or on a amoolti solid knob of atooe or 
brick and direct the setlfng of tbe target, vhlcli is tben rend to tlie 
Dearest .001 foot and recorded by the rodman. Tbe roilmaa then 
move* the target a few inches up or down and tbe tarjjet Is again set 
and read. Obtain 10 such values. Find the ' ' probable error " {see 
PP./46, 47) of the mean aod of a single observatioa, 

2. Turn the rod so that tbe leveller sees the Dumbers on the baek 
at the rod, Tbe leveller reads tbe rod directly to the oesrest .01 
foot and records the reading. The rodman then exlenda the rod 
about 0.1 font, reading and recording the exact movemeat to the 
Deanst .01 foot as tbown by the index. The leveller again reads 
and records the rod reading. This Is done 10 times. Subtract the 
tola) rod movement as reported afterward by the rodman from the 
rod reading to which each corresponds. Tbe results should he 
nearly Identical. Compute the " probable error " as In Part 1. This 
exercise teals the ability to read a " speaking rod." 

a. Repeat Part 1 at a dlalance of about 600 feet This will test 
tbe ability to read a target at a distance. 

FoBU or Notes. 



No, of 


Rod 

trading 


^ 


d" 


Dial. 






(«• 




.001 
.0(8 

.oos 
ion 


.000001 

00. 
.000 ISA 


SOO 


E, = .ens s/'-—— =. 

\\ 




a, 


U.H1 




Mm 


larly) 






SOO 
d 

i 


d> 




No. of 
obeen-. 


r«d(ng 


Rod 

^il^nafon. 

:i 

etc 


Dlff. 
8.84 






Ij 
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LEVBL PRACTICE— DIFFERENTIAL LEYELLINa. 

EqttipfMnt : Wye- level, level-rod. 

Run a line of levela over a series of designated hubs. Aasume 
some designated bench-mark to have an elevation of 100 feet above 
the datum-plane. Record all rod readings when held on turning* 
points for fore-sights in the column headed F. 8. Rod readings on 
points not used as turning-points are recorded as "intermediate 
sights " (I. 8.). The line of levels is to form a complete circuit end- 
ing on the hub at which the line started — as a cbeck. Do nol use 
the target on the level-rod. The leveller reads the rod directlj, 
estimating to lOOths of a foot. If a height of over 7 feet is required, 
the rod is elongated to its full length. (This assumes the use of the 
*' Philadelphia " self-reading rod.) With some rods the target must 
be used. To guard against error, the target is sometimes used on all 
turning points (T. P.), the readings taken and recorded independently 
by both rodman and leveller. 









Form of 


Notes 


. 


Sta. 


B.8. 


H.I. 


F.8. 


La 


EleT. 




B. M. 
T. P. 

Hub,» 

t.p: 

etc. 


8.64 
4» 


106.64 
KX>.46 


7.48 
7.06 


7.M 


KW.OO 
06.16 

0S.S6 
06.80 


B. M. on curb at 8. EL eor. 
84th and Spruce Sta. 




LEVEL PRACTICE-PROFILE LEVELLmO. 

Xfuipnunt: Wye-lerel, lerel-rod, GO-foot tftpe. The itudent must 
be provided wtth a small aheet of prodle-paper, Plate A. 

* ObUtlo flnt the rtandard length of the street-car rails on Wood- 
land Are. Measuie any odd lengths that ma; be' found, and the 
lengths of tngi, etc., at switches and crossings. Beginning at the 
flist nil-Joint on the south side of the south track on Woodland Ave., 
Just west of the switch running on to Walnut St., obtain the eleva- 
tion of each rail- joint of that line of rails up to the first frog at tlie 
intersection ot Woodland Ave. and Spruce 8t. 

Assume the datum-plane as 100 feet below the curb at the S.W. 
Goraer of 84th and Walnut Sts. Note the elevallon of the curb at 
the east Intersection of Woodland Ave. and Spruce St. 

Draw the profile on proflle-paper (Plate A), horizontal scale 100 
feet to the Inch, vertical scale 10 feet to the inch. 

NoTXB.— Similar to those for Prob. 10. Rod readings for rail- 
joints should be put in column "I. 9." except when used as turning- 
points. The "statlcMis" In the flrst column should be In each case 
the continued sum of all the rail-lengths up to that point, e.g., 0, 
O-t-80, 0<f 60, + 90, 1 + 80, etc. As a check on the numerical 
work, not« whether the sum of the back-sights (B. B.) minus the sum 
of the fore-sights (F. B.) equals the elevKlion of the first bench-mark 
minus the elevation of the final bench-mark. 

■ It was ooniddered Uist tbese direetiona oould be made moat TaJiuble b; 
»pfijlBg tlitm to & dflOnlte locality ratber than to make thom purely gcDersl, 
Tha neceanry modiflcaUoni to apply Uiem to any locaUly oau be nadll; made. 
Tbaaa remaAs ap^ eqaaUy to sevwal otlur problems. 
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LEVEL PRACTICE-TESTING ADJUSTMENTS. 

Equipment: Wye-level, level-rod, 100-foot tape, set of marking- 
pins. 

The object of this problem is to make the student as familiar as 
possible with the adjustments, without subjecting the instrument to 
the injury that would result from excessive disturbance of the 
adjusting-screws, especially in unskilful hands. Therefore no 
ad justing, screws are to be disturbed, but the value of each error of 
adjustment is detennined, assuming all previous adjustments as 
already made. Making three trials of each adjustment will demon- 
strate to the student that unless extreme care is taken in handling the 
instrument, the three trials will not exactly agree, and that he will 
sometimes find an apparent small error when the adjustment is prac- 
tically perfect. This note applies equally to Problem 16. 

1. To make the line of si^ht parallel to the axis of the 
babble. 







Form of Notes. 
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a. Measure off a base 400 feet long on nearly level ground and set 
up the level at one end of the line. Sight at the rod at the other 
end. Have the vertical axis clamped, and the whole instrument as 
rigid as possible except the clips over the telescope, which should be 
loose so that the telescope can be rotated in the wyes without shaking 
the instrument. If the line of collimation is in adjustment the rod 
reading will be the same, when the telescope is rotated half-way, as 
nt first. The difference, if any. Is twiee the error. Make three tests, 
Itaise or lower the telescope between each test so as to bring the 
readings on a different part of the rod. 

b. Bring the telescope directly over a pair of levelling-screws and 
clamp the vertical axis. Bring the bubble to the centre with the 
levelling-screws. Reverse the telescope in the wyes. If the bubble 
again comes to the centre, the wyes are level and the line of collima- 
tion is parallel to the axis of the bubble. If the bubble does not 
come to the centre, move the levelling-screws until the bubble is 
moved haff'toay back. Reverse the telescope again, and the bubble 
will come very nearly if not quite to its position before reversal. 
Keep adjusting the levelling-screws until the bubble remains in one 



di8t.=400ft. 



Bubble moves forward about one dlyifdon 
when Bwunj? to the right about 90*; 
moves backward when swung to the left. 



diat.=:400ft. 
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place in the tube for the telescope in either position. Under those 
condiiiono the wyes are level and distance of the centre of the bubble 
from the centre of the tube is the error of adjustments IJfecord this 
distance measured in divisions of the bubble-tube. Make tiivee U$U, 

2. To brlnir the babble axis into the vertical plane throng 
the axis of the telescope. Bring the bubble to the centre of the 
tube, first observing that the bubble-tube hangs directly under the 
telescope, Rotate the telescope slightly In the wyes, and note 
wljetber the bubble remains in the centre, or if it moves in one direc- 
tion for a swing to the right and in the other direction for a swing 
to the left. 

8. To make the axis of the wyes perpendicular to the verw 
tical axis of the instmmeht. Bring the bubble to the centre 
over both pairs of levelling-screws and then rotate the instrument 
about its vertical axis 180". Correct one half the error, if any, with 
the levelling screws ; make the same correction for the other level- 
ling-screws. The bubble will then remain nearly, if not quite, in 
the same place for any position of the telescope. Keep adjusting 
until this is true. The distance of the centre of the bubble from the 
centre of the tube is a measure of the correction that should be made 
by the adjusting-screw under one of the wyes. Record the error, 
if any, in divisions of the bubble-tube. Make three (eeU by purposely 
throwing the instrument out of level after each test and making an 
independent determination. 

Valne in seconds of arc of one division of the level-tube. 
Ruu the bubble to near one end of the tube, but still keeping both 
ends of the bubble within the graduated divisions on the tube. 
Take a reading on the rod held 400 feet away. Move the bubble to 
the other end of the tube and again read the rod. 

Let E = the movement, in divisions, of the eye end of the bubble ; 
Let = the movement, in divisions, of the object end of the 
bubble ; 
Let R = difference in rod readings ; 

R 



Leta" = 



400 ^4^ sin 1" 



Obtain three valuei. 




TRANSIT PRACTICE-AMGLB MEA8DREMENT8. 

Bgvipotent: Trausli. 

Set up tbe tniDsit over ■ designated biiband poiDi at two w«lt- 
deflned potnta (nl^o ot a cornice leen ii},'a<a$t Ibc sky or & churcb 
spin) wblcb will be also dedgnnted. Witb veraicr A ut any rciulliig 
(1.0., ntf( 0*) Ht ibu verilcKl cruas bulr on the l^t hand polot. Itend 
the degrees snd minutes of veroler A and ilie miiiuttt o( Teraier B. 
Take the mean of the Tendings of minutes. 1'iint, wiili the degrees 
of vernier A, constitutes tho "meui." Loosen the upper plate, 
point at the other mark, and clamp again. Again take the mean 
readtog of the verniers. The difference of the means is the borl 
lODtal angle. With the upper plate clamped snd lower plate loose, 
turn back to and sight on the left-hand mark and clamp the lower 
plate. Loosen the upper plale ; point at the rigbt-bBDii mark; clamp 
the tipper plate : take the mean of the vernier readlogs. Tlie differ- 
ence between this mean and the previoui mean tbould !« pracllcallf 
the same as before. Continue this method uuiil ttn such values of 
the aogle are obtBlned. They should not differ more than 1' of arc. 
Estimate each vernier reading to half'mlnutea. Compute the " prob- 
able BTtor" of the mean and of a single value of the angle. 

FOBll OP NOTXS. 
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TRANSIT PRACTICE— TBA.TER81N0. 

Sguipnwnt : TrauBit, traudt pole, aet of mA^ng-pEna. 
Set five mnrkiDg-pina as witnesaes oesr five dcstgoated hubs. Bet 
up the Iraasit over oDe hub ; aet vernier A at zero ; loosen tbe needle 
and revolve the whole iDstrument until the telescope pninta soutb, a* 
hIiowo by the needle. Clamp the lower plate; loosen Ibe upper plate 
Hud puiut at Ibe next hub ; read vernier A and tbe needle. Set up 
the transit at tbe next bub ; plunge the telescope and point at the 
previous station ; test vernier A to see that the plaie has not slipped ; 
■ead the nei'dle ; plunge the telescope again to direct poBitlon and 
lo the third hub and agnin read vernier A and needle. lUe 
obscrvntiona similarly at hubs 3. i, and 5 ; when st slntion 5 t«ke a 
ight to elation 1. Finally, reoccupy station 1. sighting back at 
Q S for a back-sight : the reading uf vernier A for tbe fore-sigbt 
tion 3 sliould exactly agree with the former reading. A differ- 
i[ more than a very few minutes of arc indicates gross Inaccu- 
>r a blunder. Tbe object of the needle readings is to guard 
)t blunders. As soon as the vernier and needle readings are 
recorded, note whether the azimuth and needle reading agree. For 
example, an azimuth of 217° 42' aignifiea a bearing of N 87* 48" E, 
and tbe needle reading should be as near this as It may be read, un- 
tliere la local attraction. Tbe degrees on Ibe borizonlsl plate 
should be read f rjm the row that is continuous to 860*. 



FoBU OF Notes. 
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Equipment: Tranait, traDBit-poli;, board about two leet long and 
sis ur elglil laches mide, foot-rule. 

1. Send the Todman to a point about 800 feet distiint ; have liim 
lay tlie board on the ground where tl will be firm, with its leuglU 
perpendicular to a line to tlie IruDsit ; bavc blm BCt the rod ou the 
board (Dear the middle) and nieiisure and record the dUtance to one 
eud of the board (measuring Id inches and lenl/it). The IninaltmBu 
sights at the rod, clamplug both pklea. The rodmaa movea the rod 
away and is again lined id by the Iraneitmsn. The rodrann again 
measures and records (be dislance to Ilie end of tlie board. Obtain 
10 such valnes. Compute the " probable error" of a single sigh ting 
and of the mean of nil tlie sightiugs. Reduce the proliable error of 
the mean to Its angular value ^^ = tsn a\. 

a. The transttman reads vernier A vrhen the trandt points at some 
one aetlingot the rod, and between each subsequent setting uncIampB 
and movts slightly the nlhlade, then resets the alidade at the lame 
reading and again Hues in the rod as in Part 1. Obtain 10 such 
values. Computu the proltable error and the angular value of the 
error as before (Part 1). 

a. Repeat both of these testa at a distance of about 1000 feet, 
which naay be measured by pacing. 

Form of Notm. 
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TRANSIT PRACTICE-TE8TINQ ADJUSTMENTS.* 

Equipment: Transit, transit-pole. leTel-rod, 100' steel-tape, foot- 
rule. 

1. To make the plane of the plate hubbies perpendicular 
to the vertical axis. Set up the transit and make the plate bubbleb 
parallel to opposite level ling-screws. Bring both bubbles to the 
centre ; revolve exactly 180\ The distance (measured in divlaioiis 
on the bubble-tube) of the centre of the bubble from the ^^nire of 
the scale is ttoiee the error. With the levelliug-screws throw the 
transit out of level and begin over again so as to make an absolutely 
independent redeterminaliou. Obtain three independent vaimeefar 
tfie error of thie cufjuetment. 

2. To make the line of sl^ht perpendicular to the horiaontal 
axis of the telescope. Set the transit where a clear sight of about 
800 feet each way in opposite directions may be obtained. Point the 
telescope at some well-defined point (e.g. , the comer of a building 
having a good background). Plunge the telescope and line in the 
rod man at some point about 800 feet away. Revolve the alidade and 
point at the first point selected. Again plunge the telescope and line 
in the rod man for a point beside the one previously set. The distance 
between these two points isfour times the error. Make three teett. 

3. To make the horizontal axis of the telescope perpen- 
dicular to the vertical axis of the transit. Bet up the transit 
about 20 feet from the vertical wall of a buildiug.. Select a point 
about as high on the wall as the telescope may be made to point at. 
Swing tbc telescope down and have the rodman make a mark on the 
wall down near the ground. Plunge the telescope, revolve the in- 
strument 180*", and again point at the upper point. Swing the tele- 
scope down and have the rodman make another mark beside the first 
lower mark. A vertical plane through the instrument and the upper 
mark will pass midway between the two lower marks. Record the 
distance of the instrument from the wall, the vertical distance (esti- 
mated) between the upper and lower points and the distance between 
the two lower points. Make three teett. 

4. To make the axis of the telescope bubble parallel to the 
line of siffht. Level the telescope and mark a point on the ground 
directly under the eyepiece (driving a peg if necessary). Measure 

^fiee Orai pumgrMph ot Problem 12, page 1^ 



the height of the ceotre of the ^eptece Above the point with the 
level-rod ; cktl the reading a. Eilablish another point abont 800 
feet awfty and at about the sauie level. Read the level-rod placed 
OD It : call the imding ft. Tianafer the iustrument to the second 
point and set it up ao that the eyepiece la directly over the poiuL 
Heanire the height of Ihe eye-piece above the point, calling It e, and 
also rend the lerel-rod held on the fint point, cHlling it d. Then vru 
should haved — a = e — i U the instrument la In adjuatment. If 



not. then (4 - a) - (« - A) .. 



- -1 tan a. If n la podtive 



dlatance 
the line of collimatlon points upward. Make three U*tt. 

O. To make the vernier of the vertical circle read aero 
when the line of sight la horlionlaL Tlila lert ii only applicable 
to initruueDts having Uxed vertical circles. Aa an adjustment it It 
cmly applicable to inatrumenta having adjuilable veralen. Hake 
the telescope level by meani of the level bubble and note the anwviw 
and dirteUeji of the ' ' iudex error." Makt Hurt* tetU by tuinlng the 
telescope out of level between each teat 

Beat loc:atIoa tor tbeee testa. Testa 3 and 4 requin an luwb- 
Btructed, nearly level stretch of 800 feet in one direction, and Teat 3 
a suitable point about SOO feet in the opposite direction. Test S 
requires a high wall about 20 feet from the instrument, and Testa 1 
and S may be made anywhere. When an unobstrncted line of suffl- 
dent length can tie found, parallel to a wall and about 30 feet away, 
a tingle aettlDg of the initrument will serve for all the teatt. 
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TRANSIT PRACTICE— STADIA READINGS. 

Equipment: Transit, stadia-rod, 5-foot rod (a light rod, graduated 
in feet and tenths, for obtaining H. I). 

Send the rodman to a point about 800 feet away. Note the height 
of tlic horizontal axis of the telescope above the ground. Measure 
the *'/+ c." Point at the rod with the middle cross-wire at a read- 
ing on the rod equal to the height of the axis. Read the upper, 
middle, and lower cross-hairs, also the vertical arc. Note the 
equality of the upper and lower wire interval. For a check oo the 
distance and as additional practice, move the tangent-screw to the 
vertical arc f)ery slightly, and reread the three cross-hairs. Take fix 
such readings. [Although by strict theory these wire intervals 
should differ slightly with any change in the vertical angle, there 
should be no appreciable variation in them for slight changes, 
especially if the vertical angle itself is small. For example, with a 
vertical angle of 10"* and a distance of 1000 feet, the vertical angle 
would have to be changed 10' in arc to make a difference of 1 foot 
in the apparent horizontal distance, and 10' of arc in 1000 feet would 
mean a movement of 2.0 feet of the wire over the rod.] Compute 
the true horizontal distance and the difference of elevation. 

Repeat these observations at about 600 feet and at about 1000 feet. 

FOBM OF NoTsa. 
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TRANSIT PRACTICE— TRAVERSING WITH STADIA. 

Equipment : Transit, stadia-rod, set of raarking-piDS, 5-foot rod. 

Make a traverse as iu Problem 14, tlie distances between stations 
being measured by stadia both while taking fore-sights and back- 
sights. Unless the transit has a full vertical circle the vertical angle 
for tbe back-siglit cannot be read with the telescope plunged. It is 
therefore necessary with most instruments when taking a back-sight 
to set vernier A at a rending exactly 180** different from tbe reading 
for fore-sight, leaving the telescope iu direct position. The needle 
reading should also be 180** different from its reading for fore-sight. 
Always direct the middle wire to a point on the rod at the same 
height as H. I. to obtain the vertical angle. The horizontal distance 
may be most quickly read by raising or lowering the telescope until 
the lower cross- wire comes on the nearest even footmark and then 
reading the upper wire. As shown in the previous problem, this in- 
volves no appreciable error. Check the horizontal angles by the 
closure of the last course. Also see whether the algebraic sum of 
the differences of elevation equals zero. Compute the true horizontal 
distance to the nearest even foot, the vertical difference of elevation 
to the nearest even tenth of a foot. 

FoBM OF Notes. 
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TRANSIT PRACTICE— 8AEGMULLER ^OLAR ATTACH- 
MENT. 

Equipment: Transit with solar attachment, decIlDstion tables. 
The vertical circle of the transit should be fixed and have a Temier 
rending to half-mioutes. 

Compute the declination settings for each half-hour for the total 
period of observations. Set up the instrument over a designated 
hub. Level up with extreme care and note the index error (if anjr) of 
the vertical circle. Set vernier A at zero and point at another desig- 
nated hub or well-defined point. Loosen the upper plate and swing 
into the meridian by means of an observation on the sun. Read 

Form of Notes. 
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PLANE-TABLE PRACTICE. 

Equipment: Plane table (including alidade, table-level, and com- 
pass-box), stadia-rod, steel tape, set of marking-pins. Students must 
each provide a sheet of drawing-paper about 16" X 24" (detail papet 
will answer the purpose), scale, hard sharp pencil, and rubber. 

Measure a base-line (AB) about 300 feet long. Set up the plane 
table at A. Orient the table and draw in the base-line (90 feet to an 
inch) so that the proposed sketch will come properly on the paper. 
Draw a magnetic meridian through A, using the compass-box. 
Draw lines toward several points (trees, building corners, etc.), which 
are visible from both A and B and, determining their distances by 
stadia, plot them at once to scale. 

Set up the table at B ; orient by sighting to A ; check tVi« oT\^ii\Ai- 
/Aort wHb the compaaa ; check the plotting ol vihe o^Jhax 'ipoVoNa Vj 



wt 



vernier A. Then looeen the upper plate and swing out of the merid- 
ian. Swing into the meridian again hy means of another observa- 
tion and again read azimuth by vernier A. Take 10 such observa- 
tions and compute the probable error of the mean and of a single 
observation. Observe the azimuth (0*) of the other mark occasion- 
ally to see that the lower plate has not slipped. The mean reading 
of vernier A, if the angles are read in the direction 8, E, N, W, will 
be the azimuth of the line between the hubs. The observations 
should be taken as rapidly as possible, the change in apparent 
declination being so small during half an hour that interpolations 
may be used. 

Observe the needle reading when the instrument is in the meridian ; 
it should be the declination of the needle for the time and place. 
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(PLANB-TABLB PRACTiCB — Continued.) 

sighting to them. Sight to some station point C, visible from both 
A and B, drawing an indefinite line toward it. 

Set up the table at 0; orient by sighting to B\ check the orienta- 
tion with the compass ; locate on the drawing by sighting to A. 
Check the plotting of by sighting at some of the other points 
already located. 

Notes. — In the note-book record date, time of work, number of 
problem, and personnel of party. The drawing, properly lettered, 
should be handed in with the note-book. Each student of the party 
may plot hu awn sheet for each station while the instrument is set 
there— thus saving time. When another sheet is placed on the table 
at any station, it simply requires a readjustment ot ^Asl^ ^\^fc\)^s^^K^iv^. 
Tbe accuntcy is not necessarWy \m\>«Ax^^. BfltVrfriaA <i««xkTo«>^ \»^ 
drawing is essential for good TeauWa. 
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SEXTANT PRACTICE. 

Equipment: Sextant, artificial horizon. 

1. Horizontal AQf^le& Select four well-defined points at least 
; mile away (e.g., chimneys, steeples, etc.). Obtain four values for 
c'Hcli of the six tingles formed at the instrument by the points taken 
in pairs, as shown beluw. Loosen the clamp and move the arm 
slightly between each reading. Unless the points sighted at are very 
Hir away, it will be necessary to use considerable care in holding the 
sextant over a fixed point or an appreciable variation in the angle 
may be the result. 

2. Vertical An^lea Set the artificial horizon on a rigid base 

Form of Notes. 
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ftnd take & posttfoD to that the auo will be reflected from tie mer- 
cury to tbe fnslriiineDt. Oburre tbe double nltitiidQ of Ibe " upper 
limb" of thesuu by bringing tbe index image uf Ibeauii jnallangeut 
to tbe direct reUection seeu tbrough iLe telescope iii tbe mercury and 
appartnay on the undw side of the mercury Image. One half of tbe 
anglq, miuua tbu refraction correclIOD. miuus tbe MiuiI-diameCer of 
tbe aun, giTeg the allllude of the aun. As aoon as tbe Images are 
brought IdIO cooiact. note the exact time and then read the aogle. 
Obfadn 10 values for the altitude of tbe bud. During tbe afternoon 
Ibese values will be coDStanlly decreaaing — during the morDing they 
nil! be increasing. Unfortunately there is no check on this worli 
except a calculailon of what the altitudes should be at the given 
times, which would probably not be obtalued closely enough for a 
very good clieck. 
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wiliieg ,!.'iven in tbe table. 29.633 - -ISl = 

(.'itible to bang tbe mercurial barometer In a 

-.lirUtrcil from Ibe sua. it may liave tbe same 

tti'ii'il air. If Ihis IS iiiconvcnieut. a ther- 

I'll i I II mediately uulside tbe oSlce (sheltered 

iii^'- liiken wheu Ibe barometer is lead. Tbe 

iDiilil be determiatd from the affocA^if tbcr- 

:.<'iiiiu for temperature should be computed 

L' I'vicmul tbermotncter aiid of Ibe thenoom- 

hkt the ambroid, (g) Plot Ibe readings Immediately 

e A) ~ using time as abxclssie (one bour per inch) 

metric readings as ordinatcs (.040" of mercury per 

e of pressure is very Irregular. It Indicates an iin- 

1 of the atmospbere, or, possibly, very inaccurate 
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BAROMETRIC LEVELLING 

Eqnipmsnt : Mercurial and aneroid barometers, pocket thermom- 
eter. Each studeDt must be provided with a watch, which should 
be compared before beginning work, and a small sheet of profile- 
paper (Plate A). 

Use of the Mercurial Barometer. The mercurial barometer is 
to be observed in its fixed position in the office, (a) Read the 
attached thermometer ; this should be done first, as the heat of the 
observer's body will be suflicient to alter the reading in a short time. 
(b) Bring the surface of the mercury in the cistern to the tip of the 
ivory index. This is most accurately done by raising the mercaiy 
(by means of the large screw at the bottom) uutil the tip dipr slightly 
into the mercury and forms a slight depression ; lower the mercury 
until, as seen by the reflection of light on the surface of the mercury, 
the depression just disappears. A magnifier will be of assJatance in 
doing this. Tap the barometer very gently to destroy the adherence 



Form of Notes. 
Mbbcubxal Baroiotbr Bxadinos. 



Time. 


Barom. 


Att*d 
Therm. 


Bed. to 82*. 


Temp, of 

Rxtemal 

Air. 


Oorr. 
BMdinK. 


2:00 P.M. 
2:15 
etc. 


29.846 
29.889 


72» 
71 


- .117 

- .114 


68* 
88 


29.729 
29.725 



Akkroid Babombter RBAonras. 



Time. 


Place. 


Aneroid. 


Therm. 


Oorr. 
Aner. 


Oorr. 
Mero. 


2:10 
2:25 
2: to 
2 50 
3:05 


Office 
Ro()f 

Bridge 
Dock 

Office 


29". 582 
.518 
.616 
.632 
.676 


74* 

62 

66 

65 

72 




89''.796 
.728 
.720 
.720 
.722 


29.668 
.761 
.777 


1 



of the mercury to the g\va. (e) Rftiie or lower the altde neu the top 
bj meftDs of the Bcren on the side until a horlzonlal pluie through 
thB lower edge of the slide Is JuH tangent to the upper surface of the 
meniieui at the lop of the culumu. {d) Bead tlie veruler ; the sniall- 
ett reading I> .002", but odd thousaudtha maj easily be eetlniated If 
Deceasoi;. (*) To eliminate the effect of temperature on the height 
of the column, "reduce the readings \o 32° F.." by means of lUe 
accompanying Table I, Interpolating when necessary. For eiam- 
pie, assume readings of 29".6S3 and 74°; interpolaling between SQ.5 
and SO. for 74° we obtain a correction of .121. which Is always »u£- 
triietitt for the nnge of Tnliies given In the table. 39.683 - .181 = 
3B.011. (/) It la preferable to bang the mercurial barometer in a 
place where, although sheltered from the sun, It may have the same 
temperature as the axUmal air. If Ihb Is Inconvenient, a ther- 
mometer should be placed immediately outside the office (sheltered 
from the sun) and readings taken when the barometer Is read. The 
"reduction la 83°" should be determined from the oMiuAaI ther- 
mometer, but the correction for temperature should be computed 
from the readings of (he external thermometer and of the thermom- 
eter accompanying the aneroid, (s) Plot the readings immediately 
on proUle-paper (Plate A),~using lime as BbscisBffi (one hour per Inch) 
and reduced barometric readings as ordinatea {.04if of mercury per 
inch). If the curve of pressure la very irregular. It Indfcaiea an un- 
stable condition of the atmosphere, or, possibly, very biacGurat« 
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readings of the barometer. In either case, the computed elevatioDi 
will be very unreliable. 

Use of ttie Aneroid. Handle the aneroid with extreme care, be* 
ing especially careful that it is never violently jarretl by concussion. 
Always allow it to lie flat when taking a reading. Tap it with the 
liiii^er very gently before taking the reading. Ignore the thermom- 
eier iusiile of ilie aueroid and observe instead the pocket thermom- 
eirr. If this has been carried in the pocket, allow it to remain in 
tlie air (shaded from the sun) long enough to indicate the true 
temperature of the air. Take readings* (1) beside the mercurial 
baronu'ter ; {2) on the roof of the College Building above the Society 
rooms ; (3) on the floor of the South St. bridge ; (4) on the edge of 
the dock immediately underneath the bridge ; (5) finally, another 
reading beside the mercurial barometer. Correct the aneroid read- 
ings on the roof, bridge, and dock by the mean of the discrepancies 
between the aneroid readings in the olUce and the reduced mercurial 
readings. Draw a curve through the ordinates of pressures and scale 
off the amounts of the ordinates for the times when the aneroid 
readings were taken on the roof, bridge, and dock. Interpolate for 
temperature at these times. With these reduced and computed 
values for the pressures and temperatures, the differences of eleva- 
tion may be computed from Tables II and III. For example, the 
calculation of the difference of elevation of ** Office "and "Roof " 
is as follows : 

From Table II, for 29.663. we have 866 - (6.8 X 9.2) = 808 
Similarly, " 29.723, '* ** 274 - (2.8 X 9.2) = 258 

Approx. diff. of elevation .• 56 feet. 

63" + 63" = 125% From Table III the coefficient for correction is 
.0203 + (5 X .00106) = .0315. For this and similar cases where the 
difference of elevation is small, it is only necessary to obtain from 
tiie table an approximate coefticient (e.g., .03 in this case) by mere 
inspection. .03 x 55 = 2, the correction, obtained only to the nearest 
foot. The correction is positive, hence the difference of elevation is 
57 feet. 



♦ The directions are here purely local in their application, but were Introduced 
a« being Buggestire ot welhoda of obtaining a u>la\ iWtt^'Tftvc© ot e\«««.W«i ol 
lOfffeet or over, which is sufUclent to illu8trate U\e use ol V\i«Bft \tvtXr\ucQ«a\^ 
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POLAR PLANIMETER. 

Sguipmertt : PlaQlmelcr, sheet of drawing- paper ubotit 15" X IS''. 
two triangles, scnle. drawing-coin passes. Iiard pencil. All equip- 
menl except tbe plauimeter sliould be furnished b; the student. 

Dniw on Che paper, with extremt aeeurae]/, a circle 2" in diameter, 
a circle 8" In diameler, a 'i" square and a 4" aquare. The 6" circle 
Blioiild be nearly In the centi'e uf the sheet, eo that wht'u tbe fixed 
point Is placed Inalde the circle and tbe pointer traced around the 
circumference, the rolling wheel ehali not ran o9 tbe paper. Set 
Ibe Index of the arm of the planiineter at 285.5. With ibe pointer 
OD some definite point of the perimeter of one of tbe figures read an 
inttlHl reading (not neceasarlly zero) on the wheel and vernier. 
Hove tbe pointer around the perimeter, turning to the right. When 
tbe starting-point la again reached, take the final reading. Tbe 
difference in the readinga divided by the known area in square 
Inches givea tbe reading per square inch. Compute the quotient to 
three significant figures. Trace each figure simliurly tieict. Tbe 
readings per square lucb on all the figures should agree to a small 
fraction of one per cent. 

Obtain the area of the " zero-circle " bj taking the mean of two 
readings of the sli-lncb circle with the fixed point intidt the circle, 
and then taking tbe algtbraie difftrtnet of tbe mean readings (with 
the fixed point first Inside, then outside), which difference, divided 
by the average reading per square inch, gives the area of the zero- 
circle In square Inches. In taking the reading with tbe fixed point 
inside Ibe circle, and the pointer turning as usual to the right, tbe 
Index wheel will run baekutml, giving a negatite quantity. Watch 
the index wheel carefully to note the whole number of revoluClona. 
A simple way Is to add, say, 80 to the reading, making It, say, 84.760 ; 
watch the wheel run backward through 0, and tbe readings are then 
in the twenties. Following It backward similarly until the pointer 
has again arrived at t2ie starting-point of Ibe perimeter and the read- 
ing, My 8.483, can be BuUracxed trom M-'\W, -CENa ^-^s^t ««v^^-i 



the total Dumber of backward reyolutionsof the rolliog wheel. Tliis 
number is negative. The number obtained when the fixed point is 
outside the circle is poHUve. Therefore their algebraic difference 
is their numerical sum. 

To compute the circumlisrenoe of the rolling wheeL Use 
the formula A = Ine, in which e = the required circumference, n = 

(OAR Qv WW 
— 5~ I = 

147.75mm = 5.817 inches, A = 1 square inch. 

Notes. — The drawing, with all results suitably recorded od it. 
>^-ill constitute the report. In the field-book record simply the 
date, number of problem, etc. 



PANTOGHAPH. 

Bjuipment: Faalograph, sheet of drawing-paper (detail papernlU 
suffice) about 18" X S4", two triangle*, scale, hard penctl. All 
equipmeut except the pautograph should be fumiihed bf the 
sludcat. 

Use Mtrtme eon not to sinlii the arms or clamps whfle altering 
tbi! ratios of the ann lengths. Recon] In each case bj a sketch the 
arrftDgemcDt of the fixed point, traclog point and pencil, and also the 
■lisiancea (measured to the nearest .01") of these ptrints from the 

1. Set the Instrument so that It will magn(fjf Z.9 diameters and 
prove the work bj making an enlarged copy of a 3" square, and 
also of a 3" circle. 

2. Set the Instrument so that it will reduot 2.0 diameters and 
prove the work by making a reduced copf of a 0" square and also 
of a 5" circle. 

8. Set the Instrument to retrace at lAe tanu leaU «ay glnn flgura 
and prove by applying it to some irregular figure sketched oo tbe 
sheet. 

Norea,— The drawing, with all results suitably recorded, will 
constitute the reporL In tbe field-book record almply date, nurn* 
ber of problem, etc. 
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RAILROAD SURVEYING-SIMPLE CURVBa 

Bquipmeni : Transit, ICKKfoot steel tape (or link-chaio), two tran- 
sit-poles, set of marking-pins. 

Select a point from which may be run two lines making an angle 
of about 150"* and each about 300 feet long. Let this point be the 
vertex of a curve with an assumed A (e.g., 28" 46') and D (e.g., 5* 
42). 

Compute the tangent distance. Set a pin at the vertex and 
measure along the direction of one tangent a distance equal to the 
tangent distance, which will give the P.O. Set up the transit at the 
P.O. and run in the curve to the P.T. Establish the direction of 
tlie forward tangent by a back-sight to the last transit station on the 
curve. If the vertex is visible from the P.T., sight directly to it 
and obtain the error (if any) in alignment ; measure directly to it 
and compare the measurement with the computed tangent distance. 
If the P.T. and vertex are not intervisible, produce the forward 
tangent backward from the P.T. an amount equal to the tangent 

Form op Notes. 



Sta. 


AUgnment. 


Vernier. 


Tanfir- I>efl. 


Calc. 
Bearing:. 


Needle. 


+02.3 


P.T. 


W2S' 


28*»46' 


N 4r 10' W 


N 47* 15' W 


15 

14 


«3 

3^S 


11»24' 








18 


8»82' 








12 




5«42' 








11 


5, 5 


6»51' 








10 


P.O. 






N 18« 24' W 


N 18« W W 



M 



distance, and obserye the discrepancy between this point and the 
vertex. 

The value of this exercise is increased when the whole curve is 
not visible from the P.O., thereby rendering necessaiy one or [more 
transit-stations along the curve. In such cases, and especially when 
the degree of the curve is an odd quantity, the best plan is to com- 
pute all deflections as if the whole curve were visible from the P. C, 
checking the computation for the last substation by observing its 
equality to i A. With the transit at any intermediate station along 
the curve, instead of following the usual rule and having the 
verniers at zero when the telescope is tangent to the curve, point at 
the previous transit station with the verniers reading the deflection 
ioT that station. Plunge the telescope and point at any forward 
station with the same deflection as was computed for that station for 
the transit at P.O. In this way the original list of deflections can 
be followed and possible error avoided. For example (see below), 
with the transit at sta. 4, sight back to sta. 2 with a reading of 6* 
42^. When the telescope is plunged and the verniers set at 11** 24' 
the telescope will evidently be tangent to the curve. An additional 
deflection of 2** 51' is necessary to point to sta. 6, and 14* 15' is the 
computed deflection for sta. 6. The deflection for any station, 
visible or not, is the same as from the P.O. 



(Bead up the page.) 



Error of alignment, 0« 01^' 
** *' diatanoe, (K.8 
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RAILROAD SURVEYING-SIMPLE CURVES, VERTEX 

INACCESSIBLE. 

Equipment : Ti-ansit, 100-foot steel tape (or link-chain), two transit- 
poles, set of markiug-pins. 

Assume and locate the two tangents by setting two marking-pins 
for each, so that the central angle will be abtnit 30", and so that the 
two tangents would intersect within some building or other inacces- 
sible place. Assume D at some value (e.g., 5° 26') so that the 

^^^ curve will be about 500 to 000 

'^^ feet long. Suppose a, b, «, and d 

are the marking-pins. Set up 
the transit at b; take a back- 
sight to a and then point to e, 
thus measuring the angle tbe.. 
Set up at 6 and similarly obtain 
the angle bcv. Measure be, and 
then compute by trigonometry vb and ve. f)bc-[-bcv = J, From ^ 
and D the tangent distance may be found, and, knowing both this 
and dJ, the P.C. may be located from b. Run in the curve to P.T. 
Check alignment by the direction of cd, and distance by measuring 
from c to P.T. 

Notes. — Similar to those for Prob. 25. Make a sketch (similar to 
that above) on the right-hand page, recording all the necessary 
computations. 
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RAILROAD SURVEYING-TRANSITION CURVES. 



(Searles' Riiilroad Spiml.) 

Equipment : Transit, 100- foot steel tape (or liuk-chafaiX two tnmsit- 
poles, act of mnrkiog-piDS. 

Select a suitable point as the vertex of a curve about 600 feet long, 
having a central angle of about 80**. Assume definite values for d 
and D and select a suitable spiral. Compute the tangent distance 
(Tg) for the curve and spiral. Lay off this tangent distance from the 
vertex ; set up the transit at this point and run in the spiral. Set up 
the transit at the other end of the spiral and verify the setting of all 
the spiral points by back-sights. Run in the circular curve, lo- 
cating its middle point (opposite the vertex), to the beginning of the 
terminal spiral. Set up the transit there and locate that spiral to the 
P.T. Finally set up at the P.T., verify the points of the terminal 
spiral, and check the location of the P.T. similarly to Prob. 26L 
Measure the distance from the middle point of the curve to the ver- 
tex and compare the measurement with the computed external dis- 
tance (E»), 

Notes. — Same form as for Prob. 26. The chord points of tlic 
spiral are recorded as substations with the proper deflection for eacli 
in the ''vernier" column. The elements of tlie spiral chosen are 
recorded in the "aUgnment" column similarly to those for circular 
curves. 
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RAILROAD 8URVEYING-CR088.SBCnONmG. 

Equipment: 50-foot tape, hand-level. 5-foot rod, lerel-rod (or light 
stadia-rod). Al80» set of cross-section rods.* 

1. With hand-loTel. Cross-section for 100 feet on each side of a 
line of stakes, already set by a previous survey. Obtain dittanee and 
elevation for every ** break " in the slope, representing distance as the 
denominator of a fraction and elevation as the numerator. Eleva- 
tion and distance are always referred to the centre. 

a. With crom-section rods. Repeat the cross-sectioning, deter- 
mining distance and elevation at every 10-foot point as well as at all 
breaks. 

8. Plot one set of cross-sections on cross-section paper (10 lines to 



FOBM OF NOTRS. 



Sta. 


Surf. 
EleT. 


Grade 
Eler. 


Center 

cuKf) 

orflU(-). 


Grade. 


• 


etc. 
+ 60 

28 

27 

26 

25 


etc. 
26.0 

26.2 

88.4 

42.7 

44.6 


etc. 
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^7//A» cross fiection rods referred to are a set ol thrift toAmA"^^ ^^ \3i»Ttw% 
Ave Jaiigr, dtrUed into feet aod tenths, and used 'vertVcatty . Tbft xXAt^ t<A \% \^ 
/*»/ /oitgr, divided also into feet and tenths and provideA MUi\«ve\-\Ai>tt\A^ %kx 
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the inch, each way), usfng the scale of 10 feet to the inch, both for 
horizontal and Tertical scales. The " elevations " (second column of 
Notes), which are obtained from a previous levelling, are only used 
in the plotting. Using the heavy lines on the cross-section paper as 
even 10-foot elevations, plot flrst the elevation of " centre," and then, 
by addition or subtraction, the elevation of each point taken. A line 
drawn through these points will represent a cross-section of the sur- 
face. The intersection of this line by the 5 (10 or 20) foot lines of 
elevation gives graphically the distance of the 5 (10 or 20) foot con- 
tours from the centre. The " grade elevations " and ''grade " may 
be assumed (for the sake of this problem) if they have not been 
definitely determined, and the *' centre cut or fill " computed. As- 
sume the width of road-bed as 20 feet in cut and 14 feet in fill. 
Assume slope ratio of li horizontal to 1 vertical. Plot the outline 
of the cut (or embankment) on each cross-section. 
4. Plot the centre line and contours on drawing-paper. 



(Bead up the page.) 
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They are easily and c^iea^A^r ma^^^.ftxv^'^^^^ ^'S^t^'SS^^^S^ 
ne With them. On very vouve^ ?;tov.tv^,^^^^^'^^^^A^. -^ 



Jo At each end. ^^^^ «.w-o»o..j <»..x*>,»..»v<^ 

work may be done with them. On very vouvi^ ^to>v^,>Jo»' 

uuin the baad'level and tape. On anxoolYi ^YOwsA^xxv^k 

method of use is obvloufl. 
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— 29 — 

RAILROAD SURVEYING— SETTING 8LOPR43TAKES. 

Equipment: Level, level-rod (or light stadia-rod), 50>foot tape. 

Use stakes established by a previous survey, whose elevations are 
already determiDed. " Grade elevation " for each stake should also 
be known. Fill out all the columns on left-hand page of not«-book 
(see below) before beginning field-work. Use the slope ratio li : 1 ; 
width of roadbed, 20 feet in cut, 14 feet in fill. Determine the 
distance and elevation of all " breaks " between the centre and the 



f — ^ — t 




slope-stakes. Determine the location of the slope-stakes from the 
formula 

At any station compute first ^o + sd. Then, if on the lower side 
of a fill (as in figure), estimate by eye how much further than this a 

Form of Notes. 




Centre 

cutm 

or mi (-) 



-7.4 



Grade. 



45 

point would be so that the added distance would be 1^ times the dif- 
fereuce of elevation of the point and the centre. Set up the rod at 
this total estimated distance. If the difference of elevation {y) satis- 
fies the above formula, x being the horizontal distance from the cen- 
tre, the point is the required position for the slope-stake. If the 
formula is not exactly satisfied, a little study will show whether the 
point should be nearer to or further from the centre and about how 
much. With practice, two trials will generally be sufficient to de- 
termine the point. The upper side of the fill is determined similarly, 
except that the correction (sy) is negative. For ground level trans- 
versely, sy vanishes. 

An easy check on the numerical calculation is found by subtract- 
ing j^b from the computed distance and noting whether the differ- 
ence is H times the difference of elevation. For instance, take 

8 
the result ~, 11 5 — 7.0 = 4.5, which is H times 8.0 ; again, 

21.4 - 7.0 = 14.4, which is 1^ times 9.6. 



(Bead up the *Mige.) 



Left. 

-8.0 - 4.7 
11.5 8.0 



ni<*hf b = 14Md fill, SO' in cut 
Bight. , = ij^ . i"^ 




46 



PROBABLE ERROR-FORMULiE AND USE. 

[Nothing but a mere statement of working formule, with their 
use, is here given, which the student must take on trust if he has not 
studied the theory. The proof of these formulse is taken up in 
Geodesy.] 

1. When a number of separate observations of any kind have been 
made with equal care, their arithmetical tnean is the matt probable 
ViUtLe of the quantity observed. 

2. The probable error is such a quantity that it would be an even 
wager that it is greater or that it is less than the real error. For 
example, if the measurement of a baseline is given as 622.466 ± 
0.096, it means that the aiithmetical mean of several equally good 
measurements was 622.456 ; that the probable error (computed as 
below) is 0.096 ; that according to the mathematical laws of the 
theory of probability there is a» much chance that the real error of 
622.456 is lees than 0.096 as that it is mare. 

3. Let n = the number of observations; 

d = the difference between any one obBervation and the 

arithmetical mean (or the " weighted mean "); 
Ei = the probable error of a single observation ; 
Em = the probable error of the mean; 
= 0.6745, a constant determined by computation accord- 
ing to the theory; 
2 = 8, symbol signifying that a summation should be made 
of all the quantities represented by the following 
letter or letters. 
Then 
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4. Weighted Obserrationa. When obserratlons have not been 
made witb equal care orare not equally reliable tlieyare " weigbled" 
accordiog to tbelr reliabiKty. If Jf represents say observaiiou auil 

teiUwdght, then the "weighted mean" = - _., ■—. Subtract each 
observation from the weighted mean to oblain d. Then, wilh ibe 
other symbols as before, 

/ SdwP) _ ( the probable error of HD obserratian of 
"' -"y „_1 \ weight uuity; 



^(twf) 



For example: 



= the probable error of the weighted mean. 
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NOTES ON THE MANAGEMENT OF A STUDENTS* 
TOPOGRAPHICAL^HYDROGRAPHICAL SURVEY. 

The following directioos were originally written for the pmpose 
of supplemeDting the general treatment of the sabject, as given in a 
text- book on surveyiug, by specific instructions applied to the locality 
of the survey — a section of Fairmount Fark, including a atretch of 
the Schuylkill River and a considerable area along the banka. They 
have been incorponited, with some revision, into this book becanae it 
is believed that they are sufficiently applicable to any similar surrey 
to warrant their publication. 

The triangulation methods are those for tertiary work, and the 
directions for " precise '' base-line work, latitude and longitude, were 
inserted as exercises for the upper classmen, and not because they 
are essential to the proper conduct of the survey. 

A, Reconkoissakce ; Location of Stations, 

1. Two parties are necessary— one on each side of the river. 
Each party should be supplied with stakes, a heavy hatchet or axe, a 
pocket sextant (or prismatic compass), three transit-rods with flags 
tacked on, and a light crowbar. 

2. Id general four lines will run from each station — two to stations 
jibove and below on the same shore and two to stations on the oppo- 
site shore. The distance between stations along one shore should 
be, when possible, a little more than the width of the river so as to 
obtain nearly equilateral triangles. 

3. The forward rod man on each side is controlled by the party on 
the oth^ side. When the forward rodman reaches a suitable loca- 
tion that gives satisfactory angles (as near 60" as possible) to both 
parties he remains there until dismissed by both parties. The rear 
f!H«<:in.in on each side occupies the station last occupied by the main 
party. . ". 

4. The angles bcfveer a^ation^ should be measured with a pocket 



sextant to the nearest degree. These ihonld be plotted at night so 
that wj DecessarymodtficatfoDs can be promptly mnde, and then tbs 
siatfoDB can be properly numbered as h buds Tor future fleld orders. 
S. All iriangulatlon stations should be marked by stakes 2" x 3" 
X 18", centred with tacks, driven to wllbln 4" of the ground, udng 
a crowbar to make a hole it aeceesary. Tbe itakea for the ends of 
the base-line should be longer ; they should project at least 12". 

B. BAaB-LUTB. Precfae Method ; accuracy 1 : 1 000 000. 

1. The site for the base-Une Bhould be nearly lerel, and on as uol- 
Fonn a surface as poHsible. The roadways on the rlvei-banks gen- 
erally afford the best sites. 

a. A hub should be set every 800 feet, measurtag from one end ; 
also, a hub should be placed within 10 feet of the other end and at an 
even lO-foot distance from the laal 800-foot hub placed. The hubs 
should be Icmg enough to projecrt 13". At every 60 feet between 
tbe hubs 8'foot stakes should be driven so that the base-line would 
poM about i" from tbe face of the stake. Screw-eyes with S" hooks 
should be screwed Into the faces of these stakes so that the bottom 
of each hook is on the grade-line between the tops of Ibe adjacent 
hubs. The books should have tlie polots bent upward, and the 
screws should be so set that ihe hooks will point outward and swing 
freely to both directions. Strips of zinc should be nailed to the tops 
of tbe hubs. While obtaining the grade-line between bubi, the 
differences of elevation of all adjacent hubs should be noted. 

8. The tension -frames* shoulil be used with a tension of 16 lbs. 
The rear end of the tape is placed exactly on the station mark, iho 
forward end screwed up until Ihe leuaion of 16 lbs. is obliiineTl. 
every hook support critically examined to see that Ihe tape resic uiib 
perfect freedom in the hooks, and then a fine mark is scratched iti 
the zinc strip on the huh with a fine steel point. Then tbe tape is 
moved ahead. While measuring, two thermometers should be tied 
to the tape near the lOO-ft. and 300-ft. points (marked 00 sod 190 on 
the U. Pa. 800-toot tape], and the readings taken to the nearest 

*TI>B temlon-tramM relerred to were dpHigiied br the author. Ther pro- 
▼tda for aocunlB adjiulment of the tape oter Ihe hubfl And an eitremelj 
■omrate meaaiirenieiit of the letimion— ty a wal'-bram anil iiol bj a aprine. 
Tlw fmnea are ot tubtiiK, vlth pointed ead<,&nA »,cb«u\\'j u^^^l«Jiil^ .-veivA. 
taibloi^ over tbe hubs. 



*.' :.\. :' . :♦ _:• ^ .t fvery m-^^a^'arement. These thermometers 
•:.>..[ ;.•: ( .rrf.../ ,-:;iL'i:i:d:ztd ani iheir exact errors known. 
The l:u5i iub di3t;ince (less than 10 feet; is measured with a fine 10- 
foot steel tape, graduated to .01 and estimated to .001'. 

4. Measurements should not be made, unless for mere practice, 
while the sun is shining on the ti^. A calm, cloudy day should be 
chosen, and even better results are obtained during a drizzling rain. 
In default of cloudy days, measurements should be taken immedi- 
ately after sundown or before sunrise. For the best lesultB the 
earth and atmosphere should have the same temperature. This 
probably occurs during the evening, but then lanterns must be used, 
endangering the accuracy. 

C. Base-line. Ordinary Method; probable accuntcy, 1 : 50000. 

1. Measure the base-line three times with an ordinary 100-foot steel 
tape, using fine brass plumb-bobs to plumb down the tape ends to 
the tops of Staines set every 100 feet The mean temperature of the 
air should be noted with a pocket thermometer, and corrections 
made accordingly. Care should be used to have a uniform tension 
of as near 16 lbs. as possible. A spring-balance should be used for 
this. 

2. The mean of these measurements may be used as the final 
value for the triangulation should anything prevent the "precise" 
measurement (B). 

8. A check-base should be measured at or near the other end of 
the system of triangulation. 

D. AznruTH. 

1. Azimuth may be determined by a set of observations with a 
solar attachment. At least twenty observations should be obtained 
having an extreme range not greater than 8' of arc (see Prob. 19). 
The observations should be taken at a triangulation station, and each 
observation consists in finding the angle between the meridian, as 
determined by that observation, and a line to another triangula- 
tion station. 

2. Azimuth may also be determined by night observations on Po- 
Jaiis (or 51 Cephei) at eJongation, or al anj/ Wme ^tav\^^^ Wi«»\. Voaa 
Jp?/ tfnw is accnmtoly known. (Sec Jo\iU80ii*a ^>rcve^\\^^,%^%\ ^\ 



or Manual of Instructlona, lagced bj the Commlwloner of the Gen- 
eral Land Office in 1890.) 

S. A valuabk check od the work may be oblaiiied bj taking azi- 
mulb at stollous near each end of tUe triangulaliou, maJdng correc- 
tions, if uecessary, for the coorergence of m(;rldtau(t. 

4. True latitude (as clow as the reading limit of Ebe verilcal arc of 
tbe (rausit) should be known. Iflt Is not obtainable from aoaccunile 
map of the section of the country, It must be observed as provided 

E, Latititdk. 

J. Observations forlatttude maj be made by observing the culmi- 
nation of Polaris (Or SI Cephel) at the same time that the elongation 
of 51 Cephei (or Polaris) Is observed for iizimutb. 

2. Latitude nutj also be obtained bj transit (or sextant) observa- 
tions on the suQ at culmination, making allowance for the de^ltna- 
Uon and refraction. (See Prob. 21, part S.) 

F. LONOITDDE. 

1. Observations for longitude may be made by observing sdected 
pairs of sIatb. (Bee Johnson's Surveying, §g 383-393.) The true 
meridian sbould be accurately known for tbis work; a port»ble 
chronometer, with a known rale and a known error with reference 
to siaodard time, is also essential; the approximate longitude must 
also be known. 

G. Tbiasouiatioh. 
1. Sightings may be taken (1) at a transit-rod, held by a rodmaii. 
pointing as near the bottom of the rod as possible, noting by tbu 
vertical croas-bair the verllcollty of the rod, or (3) at a transit that 
may be occupying the station, pointing at the plumb-bob or at the 
vertical spindle underneath the plates. When it is evident that a 
Btallou occupied by a, transit party is being sighted nt by another 
party, care must be taken to facilitate their work by not obsl luctlng 
the line of view and always giving them a good in»ik to siglii at. 
If a transit which ia being sighted W. \a xcnvo-jeii. Vm™. ■Cwt ■®j>.-*fi«.^ 
it should be promptly replaced by utijA. „^. 

S. AiigU-s sUoiihl be mcnsurv(V\>y V\itt to«\.\w;^ •■■'-■■>^'-*'^*^^ 
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13. Measure by repeUtion until six conMcuiiM Tmlaes are obtained 
Iiaviug au extreme range not exceeding 2' of arc Compute the 
mean value. 

8. All triangles must " close ** with an error not exceeding 1' of 
arc. 

4. As fast as the angles of the triangles are »aiirfact9Hfy meas- 
ured, the sides should be computed from the measured base, the 
true azimuth of each triangulation line determined, and the whole 
triangulation plotted. 

H. Lbvblliho. 

1. A line of levels should be run al(x>g each bank of the river, 
noting the elevation of each triangulation station and also of the 
water surface near each station. 

2. A tide-gauge should be set up in a suitable place, the elevation 
of its zero determined, and readings to the nearest tenth of a foot 
taken as often as proves necessary, while the line of levels is mn and 
while stadia topography is being taken. 

I. SouNDnfOfl. 

1. Soundings to a depth of 18 to 20 feet may be made with a 
souodiog-pole. A sounding-line with weight will be needed for a 
large part of the soundings above the Girard Ave. Bridge (max. 
depth about 86 feet). 

2. Lines of soundings should be run nearly perpendicular to the 
course of the river and about 300 to 500 feet apart; the individual 
soundings about 50 feet apart. 

3. The soundings should be located by two transits on shore 
]X)inting at each other and at the boat. As a check, a sextant in the 
boat points at the two transits. Each transit is set at O*" on the other 
transit, the lower plate always clamped, the upper plate free, the 
movement of the boat constantly followed with the telescope. 

4. At the instant of taking a sounding, a signal will be given 
from the boat— a waving flag or a whistle. The shore parties will 
note first the time of the signal, and second the angle to the boat. 

S//7ce it will not increase the accuracy of the ploUlng, the angles 

need not be rend closer than the nearest IV or Vi' , wi^ w> Vv. ^V\\» 

^»s/er and belter to t&ke the reading direciVy Itom X\i^ Viv^^^x ^^^ 



eveo reading the Teraler. The tmuUnieti iliould point M Uu aouad- 
iQg-pole OS ne&rly as poailble. 

O. The Bbora pftrllea ud the boat part/ mtut be supplied wtth 
watcbei. prevIouBlf compared to a cloee fraction of a mioute. It 
nill aave trouble io Ideotlfyiug the shore aad boat records if the 
Houndlngi (and signals) are made alwaja at an even minute of time, 
and never oftener than once per minute. An occaalcwal signal of 
two whistles (marked as such In all the note-books) will also aid iu 
identiffiog ihe soundings, especially when mistakea have been made. 

e. The shore parlies should be located at triangulation ststious 
when tbfj are suitable. Otherwise, points which are espedallj 
desiiable for this purpose maj be selected and their tocationa accu- 
rately determined from the IriaugulaUon atations. 

7. The following form of notes should be used for the oote-book 
in the sounding-boat: 



LIM. 


Time. 


8«t*« 

Angle. 


AngK 


D«)th. 


Bottom. 


*-IJ, 


lis 


B-boat-P 


WW 


\n 


Baodj 



The right hand page should record the personnel of the party and 
any other desired Information. D, meaus the second polut on the 
shore below Sta. D toward (or away from) which a line of sound' 
ings has been run. The note-books of ibe shore parties diould 
obeerve the following form; 
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Time. 
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boat-D-X 


4f lO- 





8. During the evening following Ibe sounding work, the sound- 
ings in tlie sonndiiiiT hoiik should be numbered consecutively and 
the correK|H)iiiling shore niiglee niimlicred with the saine numbers, 
the correspondence Iwlng determltti^ \13 Uic \\wi*Vi ^ "taafc--^*!*" 
Bed byiloable signals, etc. ' Th«e cUec^u ol taijW**'^'**-**' 
are oflea proved valuable. 
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J. Topography. 



1. Topography is taken by stadia lines, which must always begin 
and end on triangulation stations or other points equally well 
determined. Beginning at some station, the telescope should be 
pointed at some other known station, with the plates set at the known 
uzimuth of that line. 

2. Distance and vertical angle are read both for fore-sight and 
l>ack-sight between stadia stations. Side shots are taken to all 
desired points within a radius of 500 to 600 feet. 

3. One line should be run near enough to the shore line to take 
in all the configurations of the shore and also a belt of land from 
200 to 600 feet wide— varying with the interference of trees and 
bluffs. The vertical angles to shore points should be noted with 
especial care, as it furnishes a valuable check on the levels. 

4. The course of the other meander lines should depend largely 
on the topography. In general, they should follow roads, etc., so 
as to pass as near as possible to the important points that must be 
observed, and yet must pass near enough to the other lines that no 
feature of topography will be omitted. 

5. If the transits contain fixed stadia wires, a careful test of them 
should be made at the beginning of the season's work, and if the 
interval does not correspond with the graduation of the rod, a 
reduction coefficient should be computed and applied to each read- 
ing. If the wires are adjustable, tests should be made frequently, 
even daily, considering how simple it is. Measure off a base-line 
600 feet long on level ground near headquarters. Each morning, 
before beginning stadia work, set up the transit at a distance 
"/+ c" behind one end of the base-line, and read the rod held at 
the other end. An error of more than 1 : 600 should be immedi- 
ately adjusted, after consultation with an instructor. If the first 
"set-up " of the transit is to be at a triangulation station, it may be 
more convenient to begin there at once and point to another station 
whose distance is known, and take the reading, making due allow- 
ance for the *'/+c." 

6. Further instructions on this subject, together with a form of 
notes, may be found in the instructions for a preliminary survey 

(raiJroad work) on pp. 58-dl. 
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K. COMPUTATIONB ; PLOmNQ. 



1. The closure of triangles witblQ the required limits must be de- 
termined as soon as possible, and the angles remeasured if necessary. 

2. The azimuth and length of all triangulation lines must be com- 
puted as soon as sufficient data are obtained. 

8. To check topographic work, the co-ordinates of all triangulation 
stations from some chosen meridian and parallel should be com- 
puted before topographic work commences. 

4. The latitudes and departures of the lines between stations of 
the topographic work should be computed and checked with the 
previously computed co-ordinates of the triangulation stations to 
which the stadia lines run. 

5. For such lines as are run on this survey — probably less than i 
mile between such stations as are used to check on — the errors should 
be within 10 feet horizontal distance and 1 foot in vertical height.* 
Greater errors tban these call for a thorough revision of notes to 
discover a possible error, and perhaps a resurvey. 

6. The triangulation should be plotted to a scale of 200 feet to 
the inch as soon as the computations are complete. 

7. All soundings should be plotted during the progress of the 
survey, or at least sufficient of them to show the general accuracy 
and reliability of the notes. 

8. All topographical notes should be plotted during the survey 
(at least in pencil) — plotting first the transit stations until the line 
checks with sufficient accuracy on some known station and then 
plotting the side shots, locating all drives, walks, buildings, rail 
roads, bridges, etc. 

* These errors are very large considering what accuracy is possible with the 
stadia, but it is doubtful if much closer work than this can be expected of 
inexperienced students. 
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NOTES ON THE MANAGEMENT OF A STUDENTS' RAIL- 
ROAD SURVEY. 

It should be remembered that students' surveys are made primarily 
to teach the students. Therefore, although it is desirable to simulate 
regular professional practice as far as possible, matters of speed and 
economy should sometimes be subordinated, so that the students 
may receive the maximum benefit 

Rbconnoibsancb. 

A reconnoissance survey is a very hasty examination of a wide 
belt of country to determine which routes will best justify further 
and closer instrumental examination. In practice they vary from a 
trip made on horseback, depending principally on " Judgment " 
and "an eye for country," to an instrumental survey differing but 
liitle in character from a preliminary survey. The prime object is to 
(ieterniine with the greatest rapidity and least expense the salient 
features which will condemn one proposed route and commend an- 
other, or which will narrow down the choice to two or three lines 
that are so evenly balanced that a closer survey of each is necessary 
to decide between them. In places where the topographical maps 
of the U. 8. Geological Survey (or other similar maps) are avail- 
able, no reconnoissance (at least so far as the physical characteristics 
of the country are concerned) is necessary ; a general route may be 
cAoscn from the map and the preliminary survey aX o\iceTa»A^. \\i 
9// cJvIJIzed countries some aori of a map cau ^seuewXVy \ifc IwwA, 
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although coarse and inaccurate. The method here outlined presup- 
poses the availability of a map which will give the relative harkonUU 
positions of prominent features of the country, such as cross-roads, 
streams, etc., with such a degree of accuracy as county maps, as or- 
dinarily made, are found to have. In the absence of such a map a 
better method of obtaining distances should be adopted. 

The instrumental equipment consists of a mercurial barometer, an 
aneroid, a pocket thermometer, a pocket compass, and a hand- 
level. The mercurial barometer should be maintained at headquar- 
ters and read every half -hour during the periods when the aneroid is 
being read in the field. Tbe altitude above sea-level of each loca- 
tion for headquarters should be obtained if possible by a compari- 
some with some known altitude, points on another railroad, a geo- 
detic survey station, etc. If nothing of the kind is available, extra- 
ordinary care should be used in obtaining the difference of elevation 
of the different locations for headquarters. 

Distances may be estimated, paced (aided perhaps by a pedometer), 
or measured when convenient with an odometer. Azimuth may be 
measured with a pocket compass, and altitudes with the aneroid. 

The survey line should start from some known place on the map 
(generally some town), and should pass through all points which will 
probably be determining points on the road. In the course of a few 
miles it will probably pass within range of some easily identified 
point— a road crossing, bridge, hamlet, etc. "Bide shots '* should 
be taken to all such points and to any points whose position might 
have some bearing on the proper location of the road. Sketches 
sbould be made on the right-hand pages of the note-book on a scale 
of 400 feet to the inch, sketching not only the topographical features, 
but also the form of the contours. During the evenings following 
each day's work in reconnoissance the aneroid observations should 
be reduced (by comparison with the plotted mercurial readings for 
the day) and entered in the note-book. (See Prob. 22.) Then the line 
should be plotted on the map of the country that has been obtained 
for a basis, modifying the location of the points by making the plot- 
ting of well-defined points agree with tbe (probably) more correct 
map used as a basis and drawing in contours as well as the data will 
permit, utilizing the aneroid elevalloua. ¥vv\w\ \\\\^xwisgeL \ss«5^ Asac^ 
be decided what line (or lines) w\\\ y^^V^^^ ^ \vvt>\\«^ ^^^ ew«»x «» 
dminatlon by means of the ** preV\iii\u«LT'^ «wx^c^ 
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Form of Notbb. Rboonnoissahcb Sxjrybt. 
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Preliminary Survby. 

The party should consist of a traDsitman, recorder, two rodmen 
with stadia-rods, stakeman, leveller, and level-rod man, and a topog- 
mpher.* 

Azimuth at the first station should be determined as accurately aa 
possible by a needle-reading, setting vernier A at zero, with the needle 
pointing south. A splendid check on azimuth may be obtained by 
using a solar attachment at the beginning and end of the surrey, and 
also at intermediate points at intervals of a few miles, making due 
allowance for the "convergence of meridians." The extra time re- 
Quired lor these check observations is insignificant Carry the trav- 
enfe throughout the survey by the same melYxod m \ii'^to\^. \%. 



^8ee note on page CI. 



Bead ur the pags. 




Particular care ahould be taken In observing the distances b 
tween slatloos. Not oa\j should the dlstaace be read both durii 
tore-sight and back-sight observatlonB, but IF Itae sighting Is not vei 
clear for any reason repeated sightings should be taliea as suggest« 
Id Prob. 17. If the back-sight does not agree with the previous fur 
dgbt, the error should be located until there Is no doubt of the tn 
distance. 

Takt " dde iboti" to all fence comets, rmtd bends, river bend 
bnlldingf, Mdlent points of ground surface, and any other poln 
neceesary to obtain a topographical ms.? vU^ M.<a^ i^^siiMsis 
Cbroqg'iiout the belt of country ln.iene&M 'Ctift»»^*^- "^^^"^ 
oteoaattjr nwewary to be aurve3fci^KA!ia-«\>ii«i»^«v'e~«= 



60 



should include a considerable width each dde of any probable loca- 
tion of the road in that belt. Even when topographical features de- 
termine the location to within a few feet, the topography should be 
taken for 200 feet on eaeJi tide. From this minimum width it should 
be increased up to 1000 feet each side as the uncertainty of possible 
location increases. Much time and work can be saved by limiting 
the observations that are taken only for contours to points that are 
ihe salient points—in the bed of a stream or dry gully, the comb of a 
ridge, the edge of a bluff, etc. 

The elevations of all stations should be determined with a wye- 
level to the nearest tenth of a foot. Benches and turning points 
should be read to the nearest hundredth. A benohmark should be 
established every half-mile. 

The topographer should plot his work on section-paper at a scale of 
200 feet to the inch, plotting first each station point and then the 
position of the more prominent stadia points, using azimuths and 
unreduced stadia readings as aids in plotting distances ; using the 
level notes of elevation of stations to determine where the 6-foot con- 
tours cross the traverse line, observing (with hand-level) the course 
of each contour throughout the area included by the survey. A 
sketch-board, about 18" square, mounted on a very light tripod, is 
very useful for this work. The board should be oriented at each 
stjition. A ruler may be used as an alidade, as in plane-table work, 
and a very reliable and valuable sketch may be rapidly made. Of 
course this sketch is not expected to take the place of the office map. 
but it will render the office plotting very easy and certain. 

Form of Notes. Prbliminabt Survey. 
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During the eyeDlng following each day's work in the preliminary 
mvryey the "reduced distances," "differences of elevation/' and 
"elevations" are to be computed from the notes and entered in the 
note-book. Then the work is to be plotted on detail paper to a 
scale of 200 feet to the inch. The " paper location " should then be 
studied and drawn on the preliminary map. From the intersection 
of this line with the contours an approximate profile may be drawn 
which will be valuable in giving an idea of the amount of cut nud 
fill, and will be especially valuable in comparison with one or more 
profiles similarly obtained from other proposed locations. 

LOCATION SURVEY. 

The location party may consist of a transitman, a recorder, two 
tapemen, two rodmen, a stnkeman, two cross-section men, a levelTer, 
and a level-rod man. When short of men the transitman may keep 
notes and one rodman may be dispensed with.* 

Stakes should be located at every station (at least) on tangents, 
every 50 feet on curves up to 6% every 25 feet ou sharper curves; also at 
all abrupt changes in the profile (both to increase accuracy in chain- 
ing and to locate points for the leveller). Stakes should be marked 

* To render these student siirveys as free from objection (and expenses for 
damages} as possible, cutting and clearing is avoided wherever poMiible. With 
a superabundance of men, branches can be held baclc and cutting often avoided. 
Therefore no reference lias been made to axemen, either in thU or In the prelimi- 
nary survey. The force of men is ample to supply an axeman for all cutting that 
is Indispensable. The necessity for clearing is allowed considerable weight in 
selecting the locality for these surveys. 

(Read up the page.) 



(level, 172.73.) 



to fence ooa. near bam. 
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on the rear side, with the number of the station and its plus-distance, 
if any. Tmnsit hubs should be driven flush with the ground, the 
exact centre marked with a tack, and should have a witness-stake set 
three feet to the left, with the distance and P.O. or P.T., etc., marked 
on it, the marking facing the hub. 

The leveller should observe the elevation of all stations and sub- 
stations, and should even interpolate points with a tape and observe 
their elevations when it will add to the accuracy of the profile. The 
B.M.'s of the preliminary survey should be used and checked as long 
as they are within range of the location line. New B.M.'s may be 
interpolated when necessary. The rod should be read to the near- 
est tenth on stations and to the nearest hundredth on turning-points 
and bench-marks. The profile of each day's work should be 
promptly plotted at night on profile-paper, Plate A, using horizontal 
scale 200 feet to the inch, vertical scale 20 feet to the inch. 

Form of Notbs. Location Subvst. 
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The transitman should " tie on " to the stakes of the preliminary 
survey, whenever possible, not only as a check on the work, but also 
to observe and correct any departure from the line as laid out on ac- 
count of inaccuracies in the paper locatioD. 

The cross-section men should work by the methods and with the 
form of notes elaborated in Prob. 28. The width of the cross-sections 
may be varied according to the amount of cut or fill that would evi- 
dently be required. They should be made about 50 feet wider than 
the probable width of top of cut or base of fill. They should be 
plotted at night on cross-section paper. 

The location map should be plotted at uight to a scale of 200 feet 
to the inch, drawing in 5-foot contours from the cross-section notes 
and borrowing other topographical details not observed during the 
location survey from the preliminary survey map. 

The form of not66 for the location survey should be as on pp. 62, 68: 

(Read up the page.) 
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20 


50 


0000 


QQoa 


9995 


10 


60 


9.9999 


9.9997 


9.9994 





/ 


890 


88« 


870 


/ 



72 



TABLE VL— LOOARITHMIC TRIQONOMBTRIC rmfCTlO^fQ.-iOmUnued. 



e f 



3» 

10 
90 
30 
40 
60 



Sin 



8.7188 
7483 
7645 
7857 
8050 
8861 



Diff. 

1' 



4» 


8.8436 


10 


8618 


80 


8788 


30 


8946 


40 


9104 


60 


9256 


6" 


8.9408 


10 


9545 


90 


9688 


80 


9616 


40 


9945 


60 


9.0070 


6« 


9.0102 


10 


0811 


20 


0426 


80 


0589 


40 


0648 


60 


0755 


70 


9.0659 


lu 


0961 


20 


1060 


30 


1157 


40 


1262 


60 


1845 


8» 


9.1486 


10 


1525 


80 


1612 


80 


1697 


40 


1781 


50 


1863 


9» 


9.1948 


10 


2022 


20 


2100 


80 


2176 


40 


2251 


50 


8824 


10* 


9.8397 


/ 


Cos 



88.6 
82.8 
81.8 
90.2 
19.8 
18.5 

17.7 
17.0 
16.8 
15.8 
15.8 
14.7 

14.8 
18.7 
18.4 
18.9 
18.6 
18.8 

11.9 
11.5 
11.2 
10.9 
10.7 
10.4 

10.8 
9.9 
9.7 
9.5 
9.8 
9.1 

8.9 
8.7 
8.6 
8.4 
8.8 
8.0 

7.9 
7.8 
7.6 
7.5 
7.8 
7.8 




CkM 



9.9994 
9993 
9993 
9998 
9991 
9990 

9. vvo9 
9980 

WOO 

9967 
9986 
9966 

9.9968 
9968 
9981 
9960 
9979 
9977 

9.9976 
9976 
9978 
9978 
9971 
9969 

9.9968 
9966 
9964 
9963 
9961 
9969 

9.9958 
9956 
9964 

9968 
9950 
9948 

9.9946 
9944 
9948 
9940 
9988 
9986 

9.9934 



Tan 



Bin 



8*7194 
7489 
7668 
7865 
8067 
8961 

8.8446 
8684 
8796 
8960 
9118 
9878 

8.9480 
9668 
9701 
9836 
9906 

9.0098 

9.0816 
0686 
0463 
0667 
0678 
0786 

9.0691 
0996 
1096 
1194 
1891 
1885 

9.1478 
1669 
1658 
1745 
1881 
1915 

9.1997 
8078 
8158 
8236 
8818 
8889 

9.2463 



Diff. 

r 



Cot 



886 
88.8 
81.8 
80.8 
19.4 
18.5 

17.8 
17.1 
16.6 
16.8 
15.8 
14.8 

14.8 
18.8 
18.4 
18.0 
18.7 
18.8 

18.0 
11.7 
11.4 
11.1 
10.8 
10.6 

10.4 
10.1 
9.8 
9.7 
9.4 
9.8 

9.1 
8.9 
8.7 
8.6 

8.4 
8.2 

8.1 
8.0 
7.8 
7.7 
7.6 
7.4 



Got 


/ 


11.8806 


87«» 


8671 


60 


8848 


40 


8186 


80 


1988 


90 


1739 


10 


11.1564 


86» 


1376 


50 


1206 


40 


1040 


30 


0888 


90 


OTffi 


10 


11.0680 


85* 


0487 


60 


0299 


40 


0164 


80 


0084 


90 


10.9907 


10 


10.9784 


84« 


9664 


60 


9647 


40 


9483 


30 


9388 


80 


9814 


lo- 


10.9100 


ss* 


9006 


60 


8004 


40 


8806 


80 


8709 


90 


8615 


10 


10.8622 


S9» 


8481 


60 


8842 


40 


8255 


80 


8169 


90 


8066 


10 



Diff. 
1' 



10.8003 
7928 
7842 
7764 
7687 
7611 

10.7587 



Tan 



Sl» 

50 
40 
30 
80 
10 

SO* 



e f 



Id 



TABLE VI -LOGARITHMIC TRIGONOMETRIC FUNCTIONS. -(Conftntied.) 



• / 



10 

so 

80 
40 
60 

!!• 
10 
90 
80 
40 
fiO 

!«• 

10 
90 
80 
40 
60 

18* 

10 
90 
80 
40 
60 

14» 

10 
90 
80 
40 
60 

15* 

10 
90 
80 
40 
60 

160 

10 
90 
80 
40 
60 

1T» 



O f 



Sin 



9.9807 
9M8 
9588 
8006 
9674 
9740 

9.2806 
2870 
9984 
2097 
8068 
8119 

0.8179 



8990 
8858 
8410 
8466 

0.8S81 
8676 
8629 
868^ 
8784 
8786 

9.8887 
8887 
8087 



4068 

0.4180 
4177 



4960 
4814 
4860 

0.4408 
4447 
4491 
4688 

4676 
4018 

9.4609 



Cos 



Dfir. 
1' 



7.1 
7.0 
6.9 
6.8 
6.7 
0.6 

6.4 
6.4 
6.8 
6.2 
6.1 
6.0 

5.0 
6.8 
6.7 
6.7 
5.6 
6.6 

5.4 
54 
6.8 
5.2 
5.2 
5.1 

6.0 
6.0 
4.9 
4.9 
4.8 
4.7 

4.7 
4.6 
4.6 
4.6 
4.5 
4.4 

4.4 
4.4 

4.8 
4.2 
4.2 
4.1 



Diff. 
V 



Cos 


Tan 


Diff. 
1' 


Cot 


o / 


9.9084 


9.2468 


7.3 
7.8 
7.1 
7.0 
6.9 
6.8 


10.7687 


80« 


9901 


2386 


7404 


60 


9929 


2609 


7891 


40 


9927 


2G60 


7320 


80 


9024 


2750 


7250 


80 


9922 


2819 


7181 


10 


9.9919 


9.2887 


6.7 
6.6 
6.6 
6.4 
68 
6.2 


10.7118 


79» 


9917 


395:) 


7047 


60 


9014 


8020 


6980 


40 


9912 


3065 


6916 


80 


9909 


3149 


6851 


20 


9907 


8212 


6788 


10 


9.9904 


9.8275 


6.1 
6.1 
6.0 
5.9 
5.9 
5.8 


10.0725 


78* 


9901 


8836 


6664 


50 


9699 


8397 


6608 


40 


9896 


8458 


6542 


30 


0693 


8517 


6483 


20 


9690 


8576 


6424 


10 


9.9887 


9.8684 


6.7 
6.7 
5.6 
5.5 
5 5 
5.4 


10.6366 


77« 


9684 


8691 


6809 


50 


0681 


3748 


6252 


40 


0678 


3804 


6196 


80 


9675 


38.^9 


6141 


20 


9872 


8914 


6086 


10 


9.9869 


9.8968 


5.8 
5.8 
5.2 
5.8 
5.1 
5.1 


10.6082 


76«> 


9866 


4021 


5979 


50 


9668 


4074 


5926 


40 


0659 


4127 


5878 


80 


9656 


4178 


6822 


20 


9668 


428U 


6770 


10 


9.9649 


9.4281 


6.0 
5.0 
4.9 
4.9 
4.8 
4.8 


10.6719 


76* 


9646 


4831 


6609 


50 


9848 


4381 


5619 


40 


9689 


4430 


6670 


80 


9686 


4479 


5521 


20 


9688 


4527 


6473 


10 


9.9628 


9.4575 


4.7 
4.7 
4.7 
4.6 
4.6 
4.5 


10.5425 


740 


9825 


4622 


5378 


50 


9621 


4669 


5331 


40 


9817 


4716 


6284 


80 


9614 


4762 


6S8H 


80 


9610 


4806 


5192 


10 


9.9606 


9.4858 


Diff. 
V 


10.6147 


78« 


Sin 


Cot 


Tan 


e / 



TABLE vi.-LoaABrrmna tuookoxstric rmtcnona—icontiniud.) 





8ln 


MS. 


OOB 


Tan 


Dur. 


C3ot 




17« 


•.4«N 




sum 


0.4853 




I0.B14T 


IS* 


10 


4700 




'«80t 






B103 




s» 


47« 




IKW 


4»ia 








«0 


4781 


J;J 


om 


4B87 














V790 


mi 








DO 


4tWl 


lis 




wa 


4!l 


40» 


lU 




v.49ao 




e.oraa 


• .MIS 






78' 


lU 






0778 








BO 


X 


4VIT 










4'™? 




» 


BOIG 




WTO 


Bets 


*:» 










M 


KtS 


BS87 




4713 








' 






' 


4871 


to 


IB' 


g.stss 




B.B7B7 


B.BSfD 




io.4»ao 


71° 




GI68 


l:j 


97B9 


B41I 




4Ba> 


GO 




G19g 




9748 


tm 




4M0 


40 


80 


BS3S 










4B0B 


X 




taro 




KSS 


BUI 




44SS 






G30a 


S:S 


om 


BB71 








ao' 


9.5UI 




BB730 


o.s»n 




10.4S8S 


7(C 






J;S 


B7% 


BCBO 










HOB 






B<8B 








M 


H4a 




■710 


Bn7 




4(73 


ao 




Mr7 


SB 


0711 


BTOS 




4aM 


a) 






tl 




fi804 


is 


4I0B 


10 


81 = 


S.BA48 




B.WM 


0.584* 




10.4168 


69° 




H78 


sis 




6870 




41« 


BO 








t«M 




|;5 


4083 


40 




M41 




Bse? 


BBM 






80 




Bers 




0089 


BBOl 




toos 


BO 






s:i 




BOSS 


i.i 


am 


10 


S9° 


e.BTH 




S.0«73 


O.WM 




]0.iSOS« 


«s° 


10 


BTO7 


1:1 


0M7 


BlOO 




SOOO 


BO 














SSM 


40 




wa 




less 


SI73 






ao 




ASH 




0«I 


Bim 




sras 


!0 


so 


UN 


aio 


BOM 


BStS 


b!b 


»rB7 


10 


83* 








o.sns 




10.S7S1 


«1* 








"M8.1 


tXH 




aeaa 


BO 








S«9 


B348 




laa 


40 




BOOT 










a»ii7 


ao 
















BO 




ooss 


sIh 


■eia 


M0» 


li 


1B48 




84- 


B.oom 




B.BeOT 


B.C480 




»■»" 


86- 




Cm 


Dltt. 


Sin 


Oot 


THB. 


Tm 


•■ 



TABLE VI.— LOGARITHMIC TRIGONOMETRIC FUNCTIONS.— (Con^ntxe 



• / 


• Sin 


Diff. 
1' 


Ckm 


Tan 


Diff. 
1' 


Oofe 


e / 


M* 


9.0008 


8.6 
8.8 
8.6 
8.8 
8.7 
8.7 


9.9607 


9.6486 


8.4 
8.4 
8.4 
8.8 
8.3 
8.8 


10.8614 


e6< 


10 


6181 


960ie 


6680 


8480 


60 


» 


6149 


9696 


6553 


8447 


40 


80 


6177 


9600 


66H7 


8418 


80 


40 


0806 


9584 


662U 


8380 


20 


60 


6888 


9679 


to i 


8346 


10 


95* 


9.09B0 


8.7 
8.7 
8.7 
8.6 
8.6 
8.6 


9.9578 


9.6m7 


8.8 
8.3 
8.3 
8.2 
8.8 
8.8 


108313 


65« 


10 


6866 


9567 


6780 


8280 


50 


80 


6818 


9561 


6752 


8248 


40 


80 


6840 


9555 


6786 


8215 


80 


40 


6886 


9549 


6817 


3188 


20 


60 


6808 


9518 


6860 


8160 


10 


M* 


9.6418 


8.6 
8.6 
2.5 
8.5 
2.5 
25 


9.0587 


96888 


8.2 
3.2 
82 
8.2 
8.1 
8.1 


10.8118 


64« 


10 


6444 


9530 


6914 


3086 


50 


80 


6470 


9524 


6946 


3054 


40 


80 


6495 


1*518 


6977 


8023 


80 


40 


6521 


9512 


7009 


2991 


20 


60 


6546 


9505 


7040 


2960 


10 


JI7* 


9.6570 


8.5 
25 
2.4 
2.4 
2.4 
2.4 


9.9409 


9.7072 


3.1 
3.1 
3.1 
3 1 
3 1 
3.1 


10.2928 


63° 


10 


6505 


9492 


7103 


281W 


50 


80 


66J0 


9486 


7134 


2866 


40 


80 


6644 


9479 


7165 


2S35 


30 


40 


6668 


9478 


7196 


2S04 


20 


60 




9460 


7226 


2774 


10 


S8* 


9.(1716 


8.4 
8.4 

8.8 
8.8 
8.8 
8.8 


9.9450 


9.7267 


8.0 
3.0 
8.0 
8.0 
3.0 
8.0 


10.2743 


62« 


10 


6740 


945:) 


7287 


2T13 


50 


80 


6768 


9446 


7817 


268:J 


40 


80 


6787 


9489 


7348 


2652 


30 


40 


6610 


9482 


7378 


2622 


20 


60 


6888 


9425 


7408 


2592 


10 


S9» 


9.66B6 


8.8 
8.8 
8.8 
8.2 
2.2 
2.2 


9.9418 


9.7438 


3.0 
8.0 
8.0 
2.9 
2.9 
2.9 


10.2562 


ei" 


10 


6878 


0411 


7467 


2533 


50 


80 


6901 


9404 


7497 


2503 


40 


80 


6028 


9:i97 


7526 


2474 


80 


40 


6046 


9390 


7566 


2444 


20 


60 


6968 


9388 


7585 


2415 


10 


SO* 


9.6090 


2.2 
2.2 
2.1 
2.1 
2.1 
2.1 


9.9375 


9.7614 


2.9 
2.9 
2.9 
2.9 
2.9 
2.9 


10.2886 


60» 


10 


7018 


9468 


7644 


2356 


60 


80 


7088 


9361 


7678 


»«7 


40 


no 


7055 


0458 


7701 


22W 


80 


40 


7076 


9348 


7780 


2270 


80 


60 


7097 


9a-i8 


7769 


SMI 


10 


SI* 


9.7118 




9.9881 


9.7788 




10.2812 


59* 


• / 


OOB 


Dlff. 
V 


Rin 


Got 


Diff. 
1' 


Tan 


e / 



/ 



TABLE TL-LOQABTTHiaa TRIOONO USTBIC r0NCnONB.-<Ctn(tiiiii«f.) 



Bin "?■ 



TABLB VL— LOOABTTHMIO TRIGONOMBTRIO FUNCTIONS.-( Conc2ttd«xJ 



• / 



10 
20 

ao 

40 
BO 

S9« 
10 
20 

ao 

40 
BO 

40* 

10 
20 
80 
40 
60 

41* 

10 
90 
80 
40 
BO 

4S* 

10 
20 
80 
40 
60 

48* 

10 
20 
80 
40 
60 



10 
10 
80 
40 
60 

45< 



O f 



Sin 



9.7898 
7910 
7926 
7941 
7967 
7978 

9.7989 
8004 
8020 
8066 

8060 
8066 

9.8081 
8096 
8111 
8126 
8140 
8166 

9.8169 
8184 
8198 
8218 
8227 
8241 

9.8266 



8811 



9.8888 
8861 
8866 

8878 
8891 
8406 

9.8418 
8481 
8444 
8467 
8469 
8482 

9.8496 



OOB 



Dm. 

V 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.5 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

1 4 
1.4 
1.4 
1.4 
1.4 
1.4 

1.4 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 



Diff. 
1' 



CkM 


Diff. 

1' 

• 


Tan 


Diff. 
1' 


Cot 


o / 


9.8966 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


9.8928 


2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


10.1072 


52» 


8966 


8954 


1046 


50 


8945 


8060 


1020 


40 


8986 


9006 


0904 


30 


8925 


9082 


0968 


20 


8916 


9058 


0942 


10 


9.8906 


1.0 
1.0 
1.0 
1.0 


9.9064 


2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


10.0916 


61« 


8896 


9110 


0690 


50 


ftfifti 

OODv 


9186 


0666 


40 


8874 


9161 


0639 


80 


8864 


9187 


0618 


20 


8858 


1.1 

1.1 


9212 


0788 


10 


9.8848 


• 4 


9.9288 


2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


10.0762 


60» 


8882 


1.1 

4 « 


9264 


0786 


50 


8821 


1.1 

« 4 


9289 


0711 


40 


8810 


1.1 

4 4 


9815 


0665 


80 


8800 


1.1 

4 4 


9341 


0659 


20 


8789 


1.1 

1.1 


9366 


0634 


10 


9.8778 


4 4 


9.9882 


2.6 
2.5 
2.6 
2.5 
2.6 
2.6 


10.0606 


49« 


8767 


1.2 

4 4 


9417 


0663 


50 


8766 


l.l 

4 4 


9448 


0657 


40 


8745 


1.1 

4 4 


9468 


0682 


80 


8788 


l.l 

4 4 


9494 


0506 


20 


8722 


1.1 
1.1 


9619 


0481 


10 


9.8711 


4 4 


9.9544 


2.6 
2.5 
2.5 
2.5 
2.5 
2.5 


10.0456 


48* 


8699 


1.1 
4 4 


9570 


0430 


60 


8688 


1.1 

1.2 
1.2 
1.2 
1.2 


9696 


0406 


40 


8676 


0621 


0379 


30 


8665 


9646 


0364 


20 


8658 


9671 


0829 


10 


9.8641 


1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


9.9687 


2.6 
2.6 
2.5 
2.6 
2.6 
2.6 


10.0803 


47» 


8089 


9722 


0278 


50 


8618 


9747 


0253 


40 


8606 


9772 


0228 


80 


8694 


9796 


0202 


20 


8688 


9828 


0177 


10 


9.8869 


1.2 
1.2 
1.2 
1.2 
1.8 
1.8 


9.9648 


2.6 
2.6 
2.6 
2.6 
2.6 
2.6 


10.0158 


46« 


8667 


9674 


0126 


60 


8646 


9999 


0101 


40 


8682 


9924 


0076 


80 


8620 


9949 


0061 


90 


8607 


9976 


0026 


10 


9.8496 




10.0000 




lO.OOOO 


45* 


Rin 


Diff. 
V 


Got 


Diff. 
1' 


Tan 


o / 



/ 



76 



TABLE VI.-LO(J.\l. 



Sin 



:ii' 


U.TIIS 


10 


:i.'j;i 


•jti 


TKii) 


:;•> 


7! SI 


IM 


TJOl 


:.«» 


1 ««* 


:jj 


tf.7;»IJ 


1<| 


TJ'.-J 


•ji» 


;•>•.• 


:u} 


7:*|-J 


»•• 


:;j.r,* 


:»•.» 


r.ii'i 


:*;* 


9.7.r.i 


!•» 


;:ni 


Cl> 


7 KM 


:j«.» 


7lli» 


4'» 


74:iN 


:rO 


74o7 


:\4' 


».:4:i*. 


:«» 


74>t 


•ji» 


7:»i:i 


A» 


7:»:n 
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